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The proprietors of the Encyclopaedia Britannica having been advised that the treatises on 
Aechitectuke and the arts connected with it in that work, if published in a separate 
volume, would be useful to those engaged in the building trade, have selected the following 
for that purpose : — 

Akchiteoture, Building, and Construction, written by William Hosking, F.S.A., a 
distinguished architect and engineer. When young, he was apprenticed to a surveyor and 
general builder in Sydney, New South Wales. There the business of the surveyor was of 
the most general nature, and gave Mr Hosking an opportunity of acquiring a practical 
knowledge of the rough bb well as of the finer operations of the constructor. His pre- 
liminary training was thus of the kind to which Telford in his autobiography refers, when 
he says the young engineer must descend if he would excel. 

On his return home, having qualified himself by previous studies in the higher 
branches of his profession, he spent a year in Italy and Sicily previous to establishing 
himself in London as an architect A course of lectures, which he delivered at the 
Western Literary and Scientific Listitution in 1829, and several works on Architecture, 
which he published about the same time, brought him into very favourable notice. 

In 1834, he became Engineer of the West London Railway, for which he designed and 
executed the curious work near Kensal Green, by which the Paddington Canal is passed 
over the railway, and a public carriage-way over both the canal and railway. In 1842, 
he was appointed Professor of Construction in connection with Civil Engineering and 
Architecture in King's CoUege, London, to which was afterwards added the Professorship 
of the Principles and Practice of Architecture. He was appointed one of the Official 
Referees under the Building Act, and held other honorary and official offices, the duties of 
which he discharged with great benefit to the public and credit to himself. 

In 1846, he published his Treatises on Architecture and Building along with those of 
Masonry, Joinery, and Catpentry, in one volume, which met with such a favourable 
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reception, that it was resolved to revise and republish them with additional articles; and 
he was engaged in the preparation of these when he was seized with an illness which 
ended fatally in August 1861. 

Joinery and Stone-Masonry were contributed by Thomas Tredgold, one of the ablest 
engineers of his day ; and it is remarkable that his original training greatly resembled that 
of Mr Hosking. Apprenticed to a carpenter in his native village of Brandon, near 
Durham, he served for six years, and for five years afterwards he worked as a journeyman 
in Scotland. He then proceeded to London, where he obtained employment for ten years 
in the office of Mr Atkinson, an architect. His education in youth was only of that 
scanty description intended to fit him for a mechanical trade ; but instead of wasting his 
fragments of spare time in listlessness or dissipation, he devoted himself to improvement 
in his profession. Under circumstances as little favourable for such pursuits as can 
well be imagined, he applied himself to the study of chemistry^ geology, and mathe- 
matics, and with such success, that his published works have been received with great 
approbation by men of science both in his own country and in France, where translations 
of many of them have been published. 

It was not till he was thirty-five years of age that he began to practise as a civil 
engineer ; and it was during the period when he was so engaged that he published the 
scientific treatises which have entitled hiTYi to an honourable place among those who have 
made important and successful exertions for the advancement of the useful arts. 

Carpentry was written by Thomas Young, one of the most distinguished men of the 
present century. He was educated for the medical profession, and was one of the most 
learned of the phjrsiciaDs of his time ; but his attainments and disquisitions on science 
and literature, on antiquities and the most abstruse inquiries, range over so extensive a 
field that we can only glance at them, and wonder that a philosopher, distinguished by 
his works on the medical sciences, — celestial mechanics, — amotion of waves and sounds, — 
on tides, — on Egyptian language and hieroglyphics, and on the most abstruse subjects, 
should have occupied himself in writing a treatise on Carpentry ; but eveiything that his 
attention was directed to he followed earnestly and scientifically; and such was the 
industry and patience with which he pursued every inquiry in which he was engaged, 
that he could not desist till he had mastered it. 

At the time of his death he was preparing an Egyptian Dictionary ; and to a friend 
who expostulated with him on the danger of fatiguing himself while under the pressure of 
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severe illness, he replied it would be a satisfaction to him to have finished the work ; but 
if it were otherwise,, and which seemed most probable, it would still be a great satisfaction 
to him never to have spent one idle day in his life. 

The Treatises on Roof, Arch, and Strength of Materials were contributed by 
John Bobison, Professor of Natural Philosophy in the University of Edinburgh, It was 
comparatively late in life that he assumed the character of an author. His first papers, 
which were on astronomical subjects, were communicated to the Eoyal Society of Edin- 
burgh ; but his chief writings were contributed to the Encyclopaedia Britannica Of these 
there were above forty valuable articles on philosophy, science, and mechanical arts, 
which exhibit a more complete view of the modem improvements in physical science than, 
had been ever given before. Important additions have been made to those included in 
the present volume by Robert Stephenson, the Editor, and others. 

The Editor of the present publication, besides revising the diflferent Treatises and 
introducing improvements and additions where necessaiy, has availed himself of the late 
discoveries in the East to supplement the articles on Egyptian, Jewish, and Assyrian 
Architecture, and to add a chapter on Indian and Chinese Architecture. He has also 
written an entirely new Glossary of the terms in Mediaeval Architecture, with explana- 
tions and sixteen new plates containing nearly 300 subjects, many of which have never 
been published before, illustrating the Arabic, the Romanesque, and the Pointed styles. 
He has also given illustrations of Modem French Architecture, and added a chapter on 
Acoustics, with the view of securing an object of essential importance to Churches, Halls, 
and Lecture Rooms, where, unless the speaker be distinctly heard, every other accommoda- 
tion will be of little avail. He has also supplemented the articles. Joinery, Roof, Stone- 
Masonry, &c., bringing the information down to the present time. 

It is hoped that with this volume, embracing the Principles of Architecture and 
Treatises on the different sections of art connected with Building, written by men of great 
scientific and practical knowledge, and profusely illustrated with plates and illustrations, 
those who are engaged in any department of architectural work, from the cottage to the 
temple, and from the foundation to the roof, will be furnished with such information as 
will enable them to finish their undertaking with safety and credit 

ARTHUR ASHPITEL. 

March 1867. 
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ABCHiTECTirRE (Greek, diKoSofUK^ dLpxirwravCa. ; Lat., archi- 
tectura ; Ital., archittetura\ the art of building with con- 
venience, strength, and economy, and also with beauty. 
It is this last quality which forms the important difference 
between the art of architecture, the science of construc- 
tion, and the business of the builder. The term is derived 
from the name given to its professors by the Greeks, 
ap)(iT€KTwvy head or chief of the builders. The word rocrcDv 
is probably derived from rexyrfy and signified a builder as 
far back as the time of Homer, who {Iliad, Z, 315) says 
they are " men who make the bedchamber, the house, and 
the hall." In 7&. 0,411, and Odyssey ^ I, 125, the term is 
applied to a shipbuilder. Herodotus appears to be the first 
who uses the phrase &()\t,rwrmv (Thalia 60), where it is 
given to the engineer of the great tunnel at Saraos; in the 
other instance (Melpomene, 87) to the architect of the bridge 
across tlie Bosphorus. The Romans sometimes used the 
word architecton (Plautus, Ptsnulus 5, 2, 125), but more 
generally architectus — the word being supposed to have an 
analogy to tectum^ the roof of the house. 

Architectiu'e is generally divided into three distinct 
branches-— military, naval, and civil. It is thb last branch 
^alone of which we propose to treat in this place. 

Civil architecture teaches to design all buildings, eccle- 
siastical, palatial, monumental, public, or domestic. The 
first considerations, of course, are utility, convenience, sound- 
ness, and economy ; and no beauty of form or decoration 
cran excuse the want of these primary qualifications. But 



as the minds of almost all men have delight in stately or HiBtory. 
graceful forms and elegant combination^, the great element ^^'^v^*^ 
of beauty, or that which is pleasing to the eye, is the next 
consideration. 

The investigation of the qualifications of a good archi- Architect, 
tect will best exhibit the requirements of good architecture, i q?" 
These have been the same ever since the days of Vitruvius, 
who tells us that the architect should be a man both of 
theory and practice ; that without study and literary ac- 
quirements he will be at fault in all matters which require 
^e weight of authority ; while, should he rely on this last 
without sound practical knowledge, he ''seeks a shadow 
and not a substance."^ He says the architect should be 
of a literary turn of mind, a skilled draftsman, thoroughly 
learned in geometry, and not ignorant of optics (perspec- 
tive), a good arithmetician and accountant ; that he should 
know much of history, and should have attended lectures on 
natural philosophy ; that he should understand as much of 
music as teaches acoustics, be not ignorant of medicine 
(chemistry and sanitary matters), and should know as much 
of law and of astronomy as applies to his own profession. 
'' I do not mean,** Vitruvius says further on, " that an archi- 
tect should be a philosopher of the highest rank, nor a 
most eloquent orator, nor a man excelling in the highest 
branches of literature f but he goes on to insist that the true 
architect, besides the absolutely necessary artistic and 
mathematical acquirements, should be imbued with learn- 
ing {Uteris imbutus). Just as it is in the present day. 



^ " Qui aatem ntioclnatiooibus et Uteris lolis conflBi fuenint ambrun, non rem persecati videntar.*' 
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HiBtory. the true architect must possess a combination of the 
qualities of the scholar, the artist, the mathematician, and 
thorough man of business — qualities the most opposite in 
their character, not oflen seen singly, and most rarely to 
be all found combined in the same individual. However, 
such is the state of the case, and such is the true reason 
why in all ages there have been so few architects of the 
very first rank. 

It is to be regretted that the only author of classic anti- 
quity on the subject of architecture whose works have come 
down to us is Marcus Vitruvius PoIIio. His ten books on 
the subject are of the highest curiosity and value. Unfor- 
tunately, as he himself hints, he was more of the architect 
than the author. His style is crude and somewhat con- 
fused, his technology very difficult to understand, and 
his definitions sometimes perplex instead of elucidating the 
subject Nevertheless, a careful and painstaking perusal 
of his works show a strong common sense, a love of beauty, 
a great propriety of taste, and principles which are equally 
true in every style of architecture. The number^ and beauty 
of the MSS. of this author which are extant show the popu- 
larity he must have had in the Middle Ages. Indeed his 
enumeration of the requisites of a good building, FirmikiSy 
Uiilitas, Venusleu — Stability, Utility, Beauty — is as much 
that of the mediaeval as of the classic architect. 

Of the first of these qualities, firmness and stability, we 
shall here treat only as regards the bearing such qualities may 
have in design and effect. The details of stability will be 
found in the various heads — Buildino, Construction, 
Carpentry, Joinery, Roof, Stone-Masonry, Strength 
OF Materials, &c &c. The others will be treated of as 
they arise. 



It is now proposed to follow our author in his definition 
of the different branches of his art, and to comment on the 
same as we go on ; first, because he treats so copiously on 
the matter, and next on account of the interest arising as to 
his works since the commencement of the Dictionary of the 
Architectural Publication Society. It has been his mis- 
fortune to be over praised sometime ago, and unreasonably 
neglected lately, and in both cases to have been misunder- 
stood. The dictionary alluded to, and the noble edition 
of Stratico (4to, Utini, 1826), have, however, thrown much 
light on the work, and shown how much more valuable it is 
than has been supposed. 

Vitruvius begins (lib. i. cap. 2) by stating that architec- 
ture consists of ordination^ which the. Greeks call ra^is ; 
o{ disposition^ which they call SvaOea-i^ ; of ewrythmyi of 
symmetry; of propriety (decor.) ; and ofdistributiony which 
the Greeks call oucovofiCoj or stewardship. Commentators 
have been much puzzled to give a correct explanation of 
ordineUiOf but as we are not now editing this author, we shall 
not enter on the question. The general scope, however, 
may be shortly stated thus — the first thing to be done is a 
general consideration of the convenience of the design 
(commoditas), a comparison of the parts, an idea of the size 
(irooronT^) and dimension, and of the style and general 
effect of the whole.' 
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Vitruvius, then, defines disposition as the getting the History, 
work into form, or, as we should say, ** upon paper." He ^*— s/-^ 
subdivides this head into three parts — Ichnography, or 
plan ; Orthography, or geometrical elevation ; Scenography, 
or perspective views, showing the flanks as well as the 
front. These are to be carried out, he says, by two 
faculties of the mind, — thought and invention, — by which 
beauty is arrived at and difficulties overcome. 

He then tells us to consider the eurythnu/, or the 
general large proportions of height to width and width to 
length of the members of the composition. In other words, 
the architect should next study the masses of his design. 
Next comes symmetry^ or the proportions of the details ; 
as the human body has certain symmetrical proportions, 
the forearm , the foot, hand, finger, &c, so should the 
columns, antae, and other parts of a building also have 
definite proportions each to the other. 

But to effect this well, our author says we must study Propriety 
propriety (decor.), and this he divides into three parts — 
0€fjLaTUTfW9, or site ; custom (conventionality) ; and nature. 
Thus, he says, temples to Jove, the Sun, Moon, &c., should 
be hypaethral, open to the air (sub dio); to Minerva, Mars, 
Hercules, &c., they should be Doric; to Venus, Flora, 
Proserpine, &c., they should be Corinthian, as more grace- 
ful and florid ; while to Juno, Diana, Bacchus, &c., they 
should be Ionic, as a style between the severe Doric and 
the slender Corinthian. He instances, as a want of pro- 
priety, elegant interiors with low and shabby entrances; 
and, as a solecism against established rules, dentils in Doric 
and triglyphs in Ionic entablatures. He then treats of pro- 
priety, as regards site and aspect, which he calls natural 
propriety, first as regards tlie selection of a healthy 
spot, and one having good air and water; and then 
tells us, among many other matters, that the cubicula and 
libraries should face the east; baths and winter rooms 
the west ; and that picture galleries should have a north 
light, &c. &c. 

We then come to the division, Distributio or economy ; Economy, 
and this consists of two branches, — the making the most of 
the site, and such a saving of funds as is consistent with 
moderation.' *' If you cannot get pozzolano except at great 
price," he says, ** you may use river-sand or well-washed sea- 
sand. If fir or pine is scarce, use cypress, poplar, &c. ; 
and, last of all, buikl according to the wealth, dignity, and 
power of your employer." Then, with a further injunction 
to regard stability, utility, and beauty, Vitruvius goes on 
with the details of his art. 

What principles of architecture can be more sound, real, True prin 
and true, we are at a loss to know. The architect is first ciplea. 
to find out what the requirements of his employer may be, 
then to ?et them roughly together; then to set out his 
plan, study his elevation, and set up a rough perspective. 
From this he is to proportion his masses, and then study 
his detail and ornament ; all the while to be governed by 
a sense of general propriety, a deference to religious opinion 
and the conventionalities of society, and to spare his em- 
ployer's purse as much as he can, consistently with making 
the building worthy of his position in society. This seems 
exactly the mode pursued by Sir Christopher Wren, if we 
may judge from his drawings preserved at All SouFs College 
and elsewhere, and is equally applicable to every style of^ 
architecture. It is true, in the present day, there are some 
who try to produce effects by lavish expenditure, especially 
in ecclesiastical buildings; but our common sense must 



The Utini editor cites 20 MSS., without inclading those in the British Museum and in the Library of the Royal Institute of 
British Architects. 
2 " IJniversi operis conveniens effectus." 
' *< liociqne commoda dispensation parcaque in operibus sumptus cum ratione temperatio." 
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tell US that one of the chief virtues of an architect is the 
economy so strictly enjoined by Vitruvius. 

We find, also, that our author held the principle of 
designing the masses or general construction, and then 
adding such ornament as might be fitting to the object, use, 
and expense of the different buildings. It has been lately 
supposed that this true principle, *' decorate your construc- 
tion," is peculiar to mediseval architecture alone. But this 
is not so. The ancients having settled their general pro- 
portions, proceeded to add such decoration as propriety 
seemed to dictate. Mouldings were increased in number, 
and covered with the echinus or other ornament ; friezes 
and architraves were sculptured with rich foliage and 
figures ; capitals and bases enriched ; columns fiuted instead 
of being lefl plain ; soffits sunk and coffered ; in short, the 
decoration of the classic architect had as little to do with 
the broad masses of the construction as that of the 
mediseval architect. The Doric of the theatre of Mar- 
cel I us has very much the same proportionate parts as those 
of the same order in the baths of Diocletian ; the Corinthian 
of the Pantheon is very similar in mass to what is gene- 
rally called the Jupiter Stator or those in the Forum of 
Nerva. The same blocks of marble would have constructed 
the same orders (of course if on the same scale) ; but the 
difference is in the enrichments — the labour of carving in 
the one is threefold that in the other. The construction 
18 the same, but the decoration has been carried much 
further. The former are plain and simple ; the latter, being 
intended for more luxurious purposes, are naturally much 
richer. 

Let us now consider a mere utilitarian building, where 
there is no pretension to design. Take the majority of the 
houses about Bloomsbury and Marylebone. They are 
roomy, commodious structures, fitted with every convenience 
for families of the highest respectability. Yet, externally, 
they haye been very truly described as *' brick walls with 
rectangular holes in them." If, instead of a plain, fiat 
coping at the top, we add a handsome cornice ; if we put a 
well-proportioned dressing round each window, with consoles 
to carry the cills, and rich string courses, or balconies with 
ornamented balustrades ; if we build a handsome portico to 
the door : if we invest the house with all these architectural 
features, the tenants will enjoy the interior just as before ; 
they will not eat more, nor sleep sounder; but they will 
feel a greater pleasure and pride in their dwelling every 
time they or tneir firiends go in or out ; and the house 
itself will fetch a higher rent. All this results from the 
pleasure which elevated minds take in works of art, and 
the appreciation they have of thought, care, and mental 
ingenuity. 

But to affect beauty without utility is the gravest of all 
mistakes. Houses are made to reside in, for our comfort, 
our solace, our repose. If the internal arrangements are 
not suited to all these things, the house, which at first was 
our pride, becomes at last intolerable, and we are compelled 
to seek in some plain unpretending abode the qualifications 
that tasteful decoration will not afford us. When the Earl 
of Burlington designed the house for General Wade, the 
firont and all the internal decoration was of great beauty ; 
but the rooms were all passage rooms, the staircase being 
in one corner, and there was not one apartment in the house 
fitted for its particular domestic use. The wits advised him 
to take a house opposite, that he might look across and ad- 
mire the beauty of his own, while he enjoyed tlie comfort 
of the latter ; and there was much truth and common sense 
in their advice. 

Let us now inquire into the principles of designing with 
beauty* By this is meant designing so as to please the eye 
and taste ; for buildings may be of rude material and form, 
and yet may please by their size and propriety. Thus, the 



jail at Newgate is generally admired, particularly the comer Hi^^T' 
facing Giltspur Street It is simple, massive, imposing, and ^^""^^^^^ 
tells its own tale. It is a great prison, a building intended 
by its rugged appearance to deter from crime. So that in 
speaking of beauty we include those buildings which please 
from their grandeur, just as in poetry the sublime delights 
us as well as the beautiful. The chief elements which lead 
to these feelings of pleasure may be ranked as follows. 

The size of a building has much to do with the pleasure Sixe. 
we derive from its contemplation. Pyramids have all the 
same general form, but those of Egypt astonish and delight 
us by their vastness. Obelisks have much the same pro- 
portion, but we are more pleased with the vast monoliths at 
Rome than with smaller erections of exactly the same pro- 
portion. The great temples in Sicily and the Parthenon 
please from their size as well as their design; and the 
temple at Tivoli pleases more than the choragic monument 
of Lysicrates. The trilithons at Stonhenge, and the crom- 
lech at Aylesford please from their vastness, while the very 
same forms on a small scale would be unnoticed. The 
plain, simple early cathedrals in Normandy please more 
than the smaller and richer churches of a later period. 
In fact, size, no doubt, is a great element in exciting 
our admiration. Grandeur can hardly be said to exist 
without it. 

In the same way, the size of the material used has much 
to do with the effect in some styles of architecture. Large 
buildings look all the better if the stones are in large blocks, 
particularly in the level architraves of the Egyptians and 
Romans. Thus our Lord's disciples (St Mark xiii. 1) ad- 
mired the vastness of the stones in the Temple at Jerusalem ; 
and the historian of Peterboro', Hugo Candidus, records 
with much satisfaction the 'Mapides immanissimos" with 
which the old cathedral was built Marble looks better 
than stone, and stone than brick, in all classic work. But 
the Gothic architects, whose methods of transport were 
very imperfect, and who were compelled to cut large stones 
into small pieces in the quarry for the convenience of car- 
riage, boldly proceeded in a contrary path, and gave arti- 
ficial grandeur to their buildings by the small size of their 
component parts. Much of this source of pleasure depends 
on our next element, costliness. 

This also, though not invariably so, is another element CostMneM, 
which gives us pleasure. Apart firom the beauty of colour 
in marble, comes the consideration of the distance firom 
which it has been brought, and its corresponding price. In 
contemplating polished granite, we consiaer the vast labour 
and expense of reducing so hard a material. We respect 
the motives which led the founder to what must have been 
a sacrifice on his part to exalt his object ; and we feel also 
that he meant to please us, the spectators, and are gratified 
to have beheld such rareties and riches of art as are not to 
be seen every day, and we feel a sort of refiected pride in 
the remembrance. 

But costliness must be tastefully expended, or it becomes 
unpleasant A plain garment which fits well is much more 
becoming than ill shaped cloth of gold. When we behold 
lavish expenditure badly carried out, we say, " What a 
pity it is this rich man had not gone a step fiirther, and 
paid somebody to find him a little taste." Besides this, it 
often then assumes the character of ostentation, and nothing 
is more offensive than this in architecture, as in other 
matters. 

Leaving, now, the consideration of size and cost, the first Mom. 
thing no doubt to>tudy is the general disposition of the 
masses of the composition. Perhaps the best way would 
be to look at the building at such a distance that the mind 
may not be duturbed by the contemplation of the details, 
or to study it by moonlight Thus, the mass of a Gothic 
cathedral, the proportion of its parts, the outline of tower, 
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History, nave, choir, and lady chapel, the deep shadows which 
show the projection or recess of its various part^ — ^all form 
one great element of beauty, when there is not light enough 
to distinguish mouldings, or carvings, or tracery. 

In an analogous way, we are pleased by the appear- 
ance of stability in a building. A feeling of security always 
gives satis&ction ; and to an educated mind the proper dis- 
position of parts, as openings over openings, suflBcient sup- 
port to superincumbent weights, and adequate abutment 
to arches, all contribute to please. While large weights on 
slight shafls, huge ponderous pendants in groined roofs, 
artifices to conceal the means of support, all tend to excite 
feelings of distrust and dissatis&ction. 

On the other hand, the eye is oppressed by heaviness in 
a design. Any undue waste of material, any unnecessary 
weights or thicknesses, displease in buildings where such 
massiveness or heaviness is not an inherent feature. The 
massive forms and rude rustics of Newgate would be quite 
out of character in a palace, theatre, or even in private 
houses. 

Another error into which an architect may fall is a want 
of repose in his composition. Few things are more dis- 
pleasing in a building than an appearance of flutter, con- 
ifusion of parts, projections without purpose, ornaments 
obtruding themselves on our notice, a want of rest and 
balance, — all this should be avoided if we would please the 
spectator. 

There should also be a harmony throughout the design. 
Parts should balance each other. Those supported should 
have an adequate ratio to their supports, and so should it 
be with the solids and voids. If there be columns in one 
story those in the next may be lighter, but should still re- 
tain a definite proportion. If too large they dwarf the 
lower story, if too small they become poor and petty. So 
in gothic buildings the clere-stories should neither be too 
large nor too small for the arcades ; nor the aisles too wide 
or too narrow in relation to the nave. 

This brings us to the most material of all considerations, 
the proportion of masses. Every one, even the most un- 
educated, will be struck on entering a building if it be too 
low, or unreasonably high. A gallery for pictures, or a 
corridor, may be as long as one pleases without offence to 
the eye, because length is necessary to its use; but an 
apartment for any useful purpose should not be too long for 
its width, nor too high or low for either. There is no doubt 
that a system of proportion of dimensions, based on mathe- 
matical ratios, gives pleasure. An exact cube ; a double 
cube, or two cubes placed side by side ; the ratios of ali- 
quot parts each as 1 to 1^, — as 20 feet high, 30 feet wide, 
and 45 feet long ; or those of the base perpendicular and 
hypothenuse of a right-angled triangle, 3, 4, and 5, or their 
multiples, please the eye more than dimensions taken at 
random. Besides this, they are clearly better for hearing ; 
but this is treated of under the head Acoustics. 

The only remaining branch of the treatment of masses is 
that of symmetry or uniformity. The unreasonable strain- 
ing after uniformity by architects of the past age, the 
sham doors and windows, and the unnatural contrivances 
to make everything balance, has driven people into a 
corresponding error in the present day. Many architects 
now go out of their way to make things irregular and un- 
symmetrical. Now this is a grave mistake, and, like the 
former error, arises entirely from the bigotted attachment 
to the study of one style to the exclusion of that of every 
other. This betrays men to the belief, that the true prin- 
ciples of architecture are to be found in one style only, 
and that the only way to arrive at truth is to be ignorant 
of half your profession. Some years back the architects 
tliought the essence of classicality to be tameness, cold- 
ness, and sameness. To avoid these errors the medise- 
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valists ran into the opposite extreme. It is because History, 
both have studied under limited views. The truth is, the ^*— n^.***-^ 
ancients placed their buildings irregularly where it was 
reasonable to do so. The Propylasa at Athens, with the 
Temple of Victory, was of irregular composition. The 
Erectheiiun comprised three several buildings, each differ- 
ing most materially in design, and each disposed as was 
most fitting, without any regard to the uniformity of the 
entire mass. The old Forum at Rome was a collection 
of buildings, temples, basilicas, atria, triumphal arches, 
each differing in style, character, and taste. That at 
Pompeii was the same. Just so it was with the me- 
diaeval buildings. The abbey had its church, chapter- 
house, cloister, dormitory, refectory, guestern-house, abbot's 
and prior's chambers, all distinct buildings, and all 
grouped together. But it is utterly forgotten by the 
advocates for irregularity that each building was symme- 
trical in itself; that is to say, if a line were drawn down 
the middle of each one side would correspond with the 
other, just as in the case with a leaf, an animal, or with 
the human figure and face. While such instances of sym- 
metry abound in nature ; while irregularities, a nose askew, 
a mouth on one side, one eye, or one shoulder higher than 
another, are accounted deformities, in spite of the dictum 
of any sect, one great element of beauty will be found in 
symmetry. This, however, must not be set above utility 
or convenience. The best possible dictum on the sub- 
ject is that of the great Lord Bacon, who says : '* Houses 
are built to live in, and not to look on ; therefore let use 
be preferred before uniformity, except where both may be 
had." 

Another source of pleasure to the eye is the judicious in- Coloar. 
troduction of colour. In all ages this has been freely used 
in interiors. In Jeremiah xxii. 14, we read of buildings 
** ceiled with cedar and painted with vermilion ;" and the 
temples of the Egyptians are richly decorated with colour. 
As long as Nature decks her landscapes with varied tints, 
as long as flowers and birds are covered with bright hues, 
so long will colour please in architecture. 

It is clearly so in interiors, but it has been doubted 
whether external colouring is desirable. Some contend 
for local colour only, that is, the colour of the material. 
Thus, Mr Ferguson advocates the use of red brick against 
a green wood. Mr Repton, on the contrary, says, ^* A red 
brick house puts a landscape in a fever ;" and demands that 
such houses should always be white, and gives diagrams, 
with overlays, to show the advantage of the latter. Others 
contend that the colour of the material itself should be 
varied in every possible way. Thus, some short time ago 
every building had horizontal bands, or stripes of colour on 
it, without any reason suggested by the construction. This 
fisLshion was then carried further, and brickwork was spotted 
over red, yellow, and black, in patterns so unartistic as to 
appear childish and petite. The former received the name 
of the '• streaky bacon," or ** holy zebra" style ; the latter 
ha3 not unaptly been called the '' Tunbridge-ware style." 
The truth is, that form should always be the first considera- 
tion. Colour is but the handmaid of form. Like the graphic 
art, correct drawing will please in monochrome, while no 
colour can compensate for bad drawing. Still this is no 
reason why both may not be used, if employed with discre- 
tion. 

Next to general beauty or grandeur of form, the eye de- Ornament, 
rives most pleasure from ornament in architectural work. 
Except in such cases where vases, or other similar orna- 
ments or statues are placed on bases or pedestals, and used 
partly to make a sort of finish to the work, partly to break 
the sameness of long lines, and partly to show the elegance 
of the objects themselves, as we place works of art on our 
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chimney shelves, with these exceptions all ornament should 
be the decoration of constructive parts of the fabric. Orna- 
ment put up without meaning always provokes the remark, 
" What -is this stuck up for ?" Or like the dialoprue Canova 
supposed to have been held between himself and the screen 
of columns at old Carlton House, — 

" Care oolonne che fate qua ? 
Nod sapiamo in verita ! '' 



ent. 



Ornament, no doubt, was originally derived from im- 
provements upon, or finishings to the various parts of con- 
struction. The capital of a column has justly been supposed 
to be derived from the tile placed at the top of the trunk of 
the tree, or the upright prop which carried the architrave 
to keep the wet from running down the grain ; while the 
necking is supposed to represent a ring put round to prevent 
the tree from splitting. In the like manner the triglyphs are 
supposed to have been channels cut in the ends of the 
beams carrying the ceilings, and which rest on cross beams 
which form the architraves. From a passage in the Odyssey y 
A. 128, the flutes in the columns are supposed to have 
been intended as places in which to rest the points of the 
spears ; for Telemachus, on entering the house, goes up to a 
column and places his against it. Unless there were some 
channel to catch the point the weapon must have fallen 
down. The skulls of oxen, carved in the metopes of classic 
temples, were no doubt originally the actual skulls of the 
beasts which had been sacrificed, nailed up as memorials, 
and afterwards perpetuated in stone. Just so the festoons 
of wreaths of real leaves and flowers, which to this day are 
hung up before the fronts of churches abroad on great days, 
became fitting objects for the carver's skill in later times. 

Ornament may be divided into two classes — mouldings 
and the sculptured representation of natural or fancied 

:igs. objects. Mouldings, no doubt, were derived, first, from 
the simply taking oiF the edge of anything that might be 
in the way, as the edge of a square post, then sinking the 
chamfer in hollows or various forms, and thence was derived 
the systems of mouldings we now find in all- styles and 
periods. Each has its own system ; and so well are these 
icnown, and so clearly is the difference understood, that a 
skilful architect will tell, not only the period in which any 
building has been erected, but will even give an idea of its 
probable size, as the professors of physiology will construct 
the animal firom the examination of a single bone. In fact, 
mouldings are the comparative anatomy of architectural 
styles. Of course, like everything else in architecture, 
their use may be over-done ; and, on the other hand, their 
absence or paucity betokens a poverty which is very un- 
pleasing. They should, however, always be carefully studied. 
Nothing offends an educated eye like a confusion of mould- 
ings. Roman circular forms in Greek work, or early 
English in that of the Tudor period, all are disagreeable, 
not only to the professor, but also to the ordinary spectator. 
He cannot tell you exactly why, but he feels tliere is* some- 
thing wrong, something incongruous, and is disa()pointed 
accordingly. 

^^^ The same remarks also apply to sculptured ornaments. 

^'^' They should not be too numerous nor too few, and, above 
all, they should be consistent. The carved ox skulls, which 
are appropriate in the temple of Vesta at Tivoli, or that 
of Fortuna Virilis at Rome, would be very incongruous on 
a Christian church ; while saints and angels would appear 
out of place on an arsenal gateway. No rules can be laid 
down further than general hints what to avoid ; the rest 
must be left to the common sense and good taste of the 
student. It may be well, however, to say, that ornament 
should always be architectural in character. That style of 
carving which indulges in prominent projections, extravagant 
scrolls, and grotesque work, is very properly called *' phte- 



resque," or silversmith's work, by the Spaniards, because it Iliatorj. 
resembles the magnified designs for jugs, tankards, &c. ^^^/"^^ 
We must also remember, that when a building is covered 
with ornament of this kind, it loses all its architectural 
effect ; the architect, in truth, does but make, as it were, a 
frame for the artist to exhibit his work in. 

A third sort of ornament is a mixture of the moulding Enriched 
and the carved work, and is commonly called enriched moulding?, 
moulding. Of these, the most usual are the egg and tongue 
(plate 8, ovolo)y leaf and tongue (ib. cyma reversa), and tlie 
reel and bead (ib. becuf). These are to a great degree con- 
ventional. The enrichments in the Gothic mouldings 
(Plates XXXIII. et seg.) are partly imitative of natural 
objects, as cords, &c., and partly heraldric. Medieval 
mouldings are very varied in character^ and show great 
fancy and love of beauty. Having traced the main divi- 
sions of the art, and the qualifications necessary to the 
architect, we proceed now to treat of its origin. 

Origin of Architecture. 

The necessity for obtaining frequent shelter from the Shelter, 
great heat, or firom the inclemency of the climate, no doubt 
first suggested the piling up materials in some form to effect 
this purpose. Shelter was perhaps readily found in some 
wood, and in rocky countries in some cavern ; but as it was 
necessary, particularly for pastoral tribes, to inhabit plains 
where there were neither groves nor caves, that which at 
first was a protection afforded by nature was imitated by a 
sort of rude art. Branches of trees were no doubt carried 
into the open country, and there piled up, so that the shep- 
herd might creep under and find shelter from the sun's heat 
or the chilling storm. On the wild moors, where there are 
no trees, and where the ground is covered with scattered 
fragments of rock, the remembrance of the natural caverns 
no doubt suggested the piling up stones in such form as to 
be a protection against the elements, just as shepherds do 
in the present day ; and thus, as a distinguished writer has 
said, '* the wigwam became a hut, and the hut a house." 
Where trees abounded, stone probably was the last material 
used, as it would entail so much more labour than timber ; 
but of course it was soon found stone had two great advan- 
tages — it would neither burn nor rot ; so that it soon had 
the preference for all durable purposes. Where there were 
many trees, as in Greece and in Lycia, the stone architec- 
ture exhibits traces of the original timber construction. 
As has already been said, the columns were originally posts, 
and the architraves and triglyphs beams resting on each 
other. The famous Lycian tomb in the British Museum 
is also a strong proof that the art of the carpenter there 
preceded that of the mason, and suggested forms which be- 
came conventional, and from which the latter could not 
venture to depart. On the contrary, in the plains of Egypt, 
where building timber is scarce, and where there is abund- 
ance of large stone in the mountains, the mason element 
seems to prevail. In such plains as those on which Nineveh 
and Babylon stood, a factitious stone was made, first by 
lumps of dried, and then, advancing a step, of burnt day. 
In the vast sandy deserts, where there are neither trees nor 
stones, the skins of beasts, sewed together and supported by 
sticks, was the earliest shelter. This soon grew into the 
tent, and its form still influences the architecture of the 
Chinese and Tartars. There has been much time expended 
on endeavours to prove which of the two materials, timber 
or stone, first gave birth to the art of architecture ; the truth 
probably is, that the hut, the cairn, and the tent, all con- 
tributed their share in their respective countries. 

Monumental Architecture must have originated in a de- Monumen- 
sire to commemorate important events, such as the death of t«l archi- 
great men ; hence we may suppose that the first considera- tectnre 
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History, tion would be to make such memorial as durable as possible, 
* and this circumstance would lead to the use of stone instead 
of wood. The piling a few stones on each other to form 
altars can scarcely be called anything more than preparing 
a place for fire. Probably the first act which might be 
called the erection of anything designed to be a lasting 
memorial, would be the setting up a large stone or pillar 
as a memorial of any event. In the earliest records of the 
Scriptures this is frequent. Jacob sets up a stone as a me- 
morial of his agreement with Laban; Joshua, after Uie 
covenant, by Shechem ; and Samuel, afler the battle with 
the Philistines, at Mizpeh. And though it has lately been 
pretty clearly proved, that what have been commonly called 
cromlechs, that is, three or four stones placed on each other 
like a small chamber or hut, are really sepulchres which 
have been covered with earth, and are not temples ; yet it 
is clear that such constructions of stone as the circles at 
Avebury, those in Brittany, and particularly the great 
monument at Stonehenge, have been used by a rude people 
for the purposes of assemblage either for civil or religious 
ceremonial. The existence of an altar, if there be such, 
would prove it to have been for the latter. The earliest 
record we have ofsuch a construction is in Exodus xxiv. 4, 
where Moses builds an altar on Mount Sinai, and sets up 
twelve pillars according to the twelve tribes of Israel. 
Joshua (iv. 20) also directed twelve stones to be taken from 
Jordan in Gilgal, as a memorial of the passage of that river. 
It formerly was the custom to call every construction of 
this kind a cromlech. But the subject has lately been 
thoroughly investigated, particularly by Dr Lukis, in a 
paper read before the Society of Antiquaries, vol. xxxv. 233, 
and in another, printed in the Journal of the Archaeological 
Association, September 1864, and the following nomen- 
clature is now generally adopted. The single upright 
stone (see Plate I. fig 1), is called a Maenkir. One stone 
supported on another, or ** half table stone,'' as it has some- 
times been called, is (fig. 2) a demudolmen, A stone sup- 
ported on two or more such stones, or a ''table stone" 
(fig. 3) is a dolmen. One large stone supported on several 
smaller, so as to form a small chamber, is a cisl-vaen. 
Several dolmens in succession form a cromlech. 

A single Maenhir is also called a monolith. Several in 
a straight line, as those in Brittany and Germany, are called 
ortkoliths. If in parallel lines, as at Abury, Dartmoor, 
Carnac, &c., are paraUeliths. If in circles, as in the Ring 
of Brogar near Stennis, Stanton Drew, and Arbor Low, 
they are called cyelolUhs, Dolmen standing in a circle, 
like Rollrich, L'Ancresse, Stennis Circle, &c., are termed 
peristcdiihs. Le Couperon, at Jersey, is square, and Ab- 
don Burf is concentric. Stonehenge, from its trilithons 
arranged in a circle, is called a cyetotrilith. It has been 
pretty clearly proved from excavations, that the cist-vaen 
and cromlech were sepulchral, all the others were cere- 
monial, in all probability religious, though Dr Lukis is of 
opinion, afler excavating and otherwise examining about 
forty of those curious relics of antiquity, that the large, flat, 
'* inclhied stones" were not altars, but probably sepulchral 
memorials. In all instances in the Channel Islands, and in 
some in England, where a cromlech is surrounded by peris- 
taliths, the circle is exactly sixty feet in diameter. 

Sir Gardner Wilkinson, in a very able paper (see the 
same Journal, March 1862), divides die cromlechs into five 
classes — 1. which he designates the cromlech proper ^ as 
one large, fiat, cap-stone, supported on three upright stones; 
2. The cist'cromlechf on four stones ; 3. The many pillared 
cromlech, on more than four stones; 4. The chamber 
cromlech, having a roof; and, 6, the subterranean chambers. 
The autlior supposes the four first divisions never to have 
been covered with earth. Dr Lukis, however, denies this, 
and says all stone chambers, whether cist-vaen or cromlech, 



were covered by mounds of earth ; and he proposes to divide Histon 
the cromlech into only two classes. 1. Simple chamber, >^»v^ 
without passages; and, 2, The like wilh passages, or covered 
ways, leading into them. 

The chief difficulty in treating of these curious erections 
of stone is to ascertain their age. That they are the work 
of persons in a rude state of civilisation is clear. Still, the 
vastness of such stones, as at Stonehenge, would show they Stone- 
must have been a people of great energy and resources, to benjie, 
effect such an extraordinary labour. All sorts of conjecture 
have been made as to this latter work. Some have sup- 
posed it to be Roman, others have even considered it to be 
antediluvian. The mortises and tenons, however, show 
clearly it must belong to the period when iron tools were 
used ; it is impossible to conceive they were worked with 
flint instruments. The most rational supposition seems 
that it was erected to commemorate the treacherous murder 
of the British chiefs at the banquet given by Vortigern to 
Hengist. It is surrounded by numerous barrows, evidently 
the graves of men of great importance, a circumstance that 
adds much probability to the tradition. 

Having now discovered the art of quarrying large stones, Plnce? :> 
moving them to different sites, and erecting them in sym- pu^^iic &• 
metrical forms — ^liaving found out tlie way to construct ^®"*^^-^ 
places for civil, military, or religious assemblages, the next 
step was to cover these large places by roofs. In all pro- 
bability this was first attempted in the adytum, or cella of 
temples, and there is every reaion to suppose the earliest ot 
these were the Egyptian. The oldest historian, Herodotus, 
(Cli. 13) tells us the Persians' erected neither statues, nor 
temples, nor altars, and they considered them as foolish who 
did so. He also says {Euterpe, 4) that the Egjrptians were 
the first to give altars, images, and temples to the gods, 
and to carve the likenesses of animals in stone. 

History of the Progress of Architecture. 

We now proceed to trace the progress of tlie science 
from its earliest regular formations, of which we have 
sufficient information, down to the present day. 

Indian chronology being so vague and undefined, and the Indi>>n 
connection of the Hindoos with the civilized nations about archit4rc. 
the Mediterranean Sea having been so much restricted ^^^^- 
in the earlier ages that we can get little assistance from 
the Greek historians on the subject, the date of their 
architectural monuments can be determined only by 
analogy. That, however, is an uncertain guide, without 
proper delineations, and, indeed, without any work that 
gives a competent idea of them. Though we have held 
India so long, and by a so much more honourable tenure 
than the French did Egypt, if we were now to be dis- 
possessed we should leave nothing, and we should certainly 
retain nothing, to show to our credit that we had ever held 
it. Such an undertaking as the great work of the French 
Institute on the Architectural Antiquities of Egypt is far 
beyond the means of individuals ; the constitution of our 
government appears to preclude the application of funds 
from the public purse to such purposes; and the East 
India Company, from whom, perhaps, something of the 
kind on the archaeology of India might have been expect- 
ed, had, it would appear, occupations of more interest 
to them than the advancement of science and art. It 
may be generally stated, that, in its leading forms and 
more obvious features, Hindoo architecture strongly re- 
sembles Egyptian, and may be considered as of the same 
family with it 

No nation that ever existed within the annals of the Egypt m 
human race has lefl structures that, in extent, magnifi- arch i li- 
cence, and grandeur, can vie with those of ancient Eigypt. ^^^^' 
We have the authority of historians for believing that 
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History, there were Others in the same country which no longer temples; but of their private houses he says nothing; Hiftory 

' exist, that must have surpassed those which do remain; neitner does he describe any of the temples as they ex- ^-^-^-"^ 

and they speak also of the cities of Assyria, as unparal- isted in his time in Eg3rpt ; so that he in fact afForas no 
leled in the extent and splendour of their edifices, whose assistance in determining the comparative antiquity of the 
sites, even, are not now determinable. The pyramids, various architectural structures which remain to the pre- 
however, mausoleums of a nation — and the temples, mo- sent time in that country. Indeed the ancient historians 
numents of human folly — speak more strongly than any and topographers speak for the most part so widely of 
historian can, and compel our belief of what they have dates and dimensions, that they are, at the best, most un- 
bcen by what they are ; whereas the others do not exist satisfactory, if not fallacious, guides ; and in the present 
but in name. Nineveh and Babylon were — but Thebes case, that of Egypt, the style of architecture is so uni- 
and Memphis still remain. It is strange, indeed, that a form, or so imperfectly understood, that no argument can 
people who displayed such energies in the construction with safety be drawn from it, as there may in other cases, 
of tombs, pyramids, and temples, should have left no work In Hamilton's JEgypdacOy the author says, with reference 
o^ dLixy description tliat could be applied to any really to this question : ^* In Egyptian architecture there is an 
useful purpose. Denon, speaking of Thebes, says, " Still uniformity of structure, both in the ornaments and in the 
temples — nothing but temples — not a vestige of the hun- masses, which, if unassisted by other circumstances, re- 
dred gates, so celebrated in history ; no walls, quays, duces us to mere conjecture ; and that not only for the 
bridges, baths, or theatres ; not a single edifice of public difference of a century or two, but perhaps for a thousand 
utility or convenience. Notwithstanding all the pains I years.'*^ Again : <* The monuments of antiquity in Upper 
took in the research, I could find nothing but temples, Egypt present a veiy uniform appearance ; and his first 
walls covered with obscure emblems, and hieroglyphics impressions incline the traveller to attribute them to the 
which attested the ascendency of the priesthood, who same or nearly the same epoch. The plans and disposi- 
still seemed to reign over the mighty ruins, and whose tions of the temples bear Uiroughout a great resemblance 
empire constantly haunted my imagination.*'^ Champollion, to one another. The same character of hieroglyphics, 
however, in his late researcnes, speaks of the remains of the same forms of the divinity, bearing the same symbols 
quays, and calls some of the structures palaces instead of and worshipped in the same manner, are sculptured on 
temples; but as the former exist only in connection with the their walls from Hermopolis to Philse. They are built of 
latter, they can hardly be considered as any thing more the same species of stone ; very little difference is dis- 
than mere embankments ; and the regal and hierarchical cemible in the degrees of excellence of workmanship, or 
ofHces liaving been so closely connected in the economy the quality of the materials ; and where human force has 
of ancient Egypt, it is of little or no consequence to our not been evidently employed to destroy the buildings, they 
])osition whether the same edifices be called palaces or are all in the same state of preservation or decay ."^ But 
temples. Diodorus Siculus says, in one place, that we are fortunately now about to be rid of that difficulty 
*< Busiris," believed to be one of the Pharaohs who per- by the erudition and industry of those learned men who 
secuted Israel, *' built that great city which the Egjrp- have given their attention to the hieroglyphic literature 
tians call Heliopolis and the Greeks lliebes, and adorned of the Egyptians. M. Champollion professes to have de- 
it with stately public buildings and magnificent temples, termined Uie date of every monument of antiquity in that 
with rich revenues;" and that " he budt all the private country which is inscribed, by the inscriptions, which he 
houses, some four, and others five stories high."^ Shortly has qualified himself to read. As yet, however, we are 
after, speaking of Memphis, to account for the splendour not in possession of the whole result of his discoveries, 
with which the Eg3rptians built their tombs, and the com« H3^gea, or spea, being caves formed by excavation, are 
parative meanness of their houses, the same author says, of earlier date than any existing structures. Internally 
'* They call the houses of the living inns, because they they present square piers, which were left to support the 
stay in them but a little while ; but the sepulchres of the superincumbent mass of mountain or rock when their 
dead they call everlasting habitations, because they abide magnitude rendered it necessary. These were originally 
in the grave to infinite generations. Therefore they are tombs ; and the cave of Machpelah, of which Abraham 
not very curious in the building of their houses ; but in made the purchase as a burying-place for his family, was, 
beautifying their sepulchres they leave nothing undone doubtless, one of that kina. Oratories or chapels were 
that can be thought of." Strabo also speaks of a splendid afterwards made in the same manner, but, it would ap- 
dwelling which was erected for the pnests at Heliopolis, pear, not until columnar architecture had come into use : 
but that probably was one of the sacred palaces just re- for their entrances are generally sculptured Into tlie re- 
ferred to ; for none of the ancient writers describe the do- semblance of the front of a rude portico, or an actual por 
mestic structures of the Egyptians, from personal know- tico or pronaos is constructed before them. Many such 
ledge of them, as being worthy of any notice ; and that are found on the banks of the Nile, in its course through 
assertion of Strabo is too loose and unsupported by con- Nubia and Egypt. At Ibrim, which the Greeks call 
temporary authority or analogy to deserve confidence of Primis, in the former country, there are several of these 
itself. To the statement of Diodorus, that private houses cavern temples, the earliest of which, according to M. 
were built to four and five stories high, we can give no Champollion, bears date of the reign of one of the Pha- 
credence whatever; for the construction of edifices in raohs, who was contemporaneous with Abraham, or his 
tiers or stories was very imperfectly understood even in son Isaac, or about eighteen centuries before Christ ; ^ the 
his time, which was many centuries afler the destruction latest is of the time of Rhameses Sethos, the Sesostris of 
even of Thebes ; and none of the existing remains of that Greek history. To some of the cavern tombs and temples 
city give the slightest indication of a second story, or in- in Upper Egypt M. Champollion accords even a still 
dced^ of aptitude to construct one, except the rude land- higher degree of antiquity. The earliest columnar stnic- 
ings in some of the propylsea. Herodotus says that the tures which are found within the same range of country 
Egyptians were the first who erected altars, shrines, and do not appear to bear a higher date than that of the 
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History, earliest kiDffs of Pharaohs of the eighteenth dynasty of tliat the Ptolemies and the Ceesars only restored in Nubia liUtor 
Manetho^ which began about the time of the Jewish pa- what the Persians had destroyed, and rebuilt temples where 
triarch Abraham and ended with the Pharaoh from whom they had formerly stood, and dedicated them to die same 
his descendants escaped under the conduct of Moses, gods. 

The temple at Amada, to which we have already referred. Of the arrangements of an Eg3rptian temple we shall 
is of the time of Moeris, who was contemporary with the speak when we come to treat of Egyptian architecture as 
patriarch Jacob, and consists of twelve square piers or a style. In construction the Egyptians appear to have 
pillars, and four columns, which possess the form and cha- usea wrought stones at a very early period : this probably 
racter of the Greek Doric, and may it is suggested, be was induced by the still earlier habit of excavating rocks 
called protodaric. The same intention, if it may be so to form tombs ; for the walls in their oldest structures are 
called, is found in others of the early monuments, but in composed of rectangularly cut blocks in parallel courses ; 
none so perfect as in this, as almost all the structures of whereas we shall find that the most ancient specimens of 
ancient Egypt were either destroyed or seriously damag- walling in Greece and Italy are not so. In the Pharaonic 
ed by the Persians at the time of their invasion under monuments, besides walls built in parallel courses of 
Cambyses ; and they are supposed not to have ascended wrought stone, we find squared piers also; and frequently, 
the Nile much above Psalcis or Dakkd, but to have turned in the same structure with them, the peculiarly formed 
off by tlie way across the desert to Ethiopia, so that the tumescent column with a bulbous capital or head, covered 
temple at Amada, which is considerably above Dakkd, with an abacus or square tablet, corresponding with the 
escaped. size of the piers, and warranting the supposition that that 

Of all the Pharaohs, Sesostris, the first of the nineteenth species of column is a mere refinement on the simple 
dynasty, was the most distinguished for the great and ex- square pillar. What dictated its singular form must re- 
tensive works he executed in architecture. Most of the main matter of speculation. The cylindrical column with 
existing ruins in Egypt, anterior to the Persian invasion, are a bell-shaped capital was the next advance, and that also 
attributed to that monarch by M. Champollion. The im- is found in the same structures, though not in the simplest 
mense ruins at Thebes, whicli have been called the Mem- and earliest of them, in which piers occur. Terminal or 
nonium and the tomb of Osymandyas, and are popularly Caryatic figures are common in those early works, not 
called Medinet Abou, are considered by the same inquirer absolutely supporting an entablature, but placed before 
to be those of the Palatial Temple of Rhameses the Great, piers which ao so, and having the appearance of doing 
or Sesostris, and which he therefore calls the Rhamesseion, it themselves when seen in front. Bold, massive, rectan- 
the ruins at Luxor being those of the Memnonium ; that gular architraves extend from pier to pier and from co- 
edifice or series of edifices having been constructed by Ame- lumn to column, and are generally surmounted externally 
nophis Memnon, of the eighteenth dynasty, one of the good by a deep coved coping, or cornice, with a large corded 
and beneficent princes by whom the children of Israel were and torus-formed moulding intervening. This masks the 
protected during their sojourn in Eg3rpt. The magnificent ends of the stones which are placed transversely on the 
structure at the village of Camack, within the same city, architraves to form the ceiling internally, the whole be- 
appears however to excel all the rest in extent and ing flushed square on the top, and forming a flat terrace 
grandeur, and is at least their equal in antiquity. It is or floor. The pyramidal form of the moles or propylsa, 
generally known as the temple of Camack, but it has peculiar to Egyptian temples, may have been suggested 
been distinguished as that of Jupiter Ammon. It bears by the pjrramids, as neither that form nor those adjuncts 
inscribed the name of Thothmosis II., the predecessor to a temple appear to have been used before the period 
of Amenophis Memnon. From the existing remains of at which it is supposed the former were constructed. 
Thebes, and the relations of historians combined, that The grandeur and dignity inherent to that form would in- 
city may be assumed to have attained its highest degree deed hardly be suspected till its appearance in the pyra- 
of splendour in the time of Sesostris ; few of the ruins it mids themselves ; and certainly the impression of its ef- 
presents beins of later date than the time of that monarch, feet must have been strong, to induce men to seek it in a 
This being admitted, and we believe it can hardly be de- truncated pyramid under a very acute angle, as in the 
nied, it must be admitted also that the practice of archi- propylsea, relying on the tendency of its outline alone. It 
lecture, and of the allied mechanical arts, were already was gradually, too, that this tendency was generally ap- 
well understood ; for the composition of the monuments plied, for in the earliest Pharaonic structures the vertical 
displays an exquisite combination of simplicitly and har- outline is most common, except in the propylaea, where 
mony, which produce the finest effects of beauty and gran- they exist ; and in the structures of the rtolemies the 
deur; while ttieir construction is the apparent result of per- inclined outline pervades every thing. The monolithic 
fection in the use of mechanical powers. All the Pharao- obelisk is of Egyptian origin also. Its tapering form may 
nic monuments, indeed, throughout Egypt and Nubia, are be the consequence of the impression the pyramidal ten- 
wonders of science and art. The structures of Ombos, dency had occasioned, though perhaps the object itself is 
Apollinopolis Magna, and Latopolis, between Thebes and the representative of the single stone by which religious 
the cataract, M. Champollion determines to be generally feeling appears first to have expressed itself. Obelisks 
(if the age of tlie Ptolemies, and some even of the Roman were set up by the Egyptians, sometimes in the courts or 
dominion ; those, however, which are of comparatively mo- atria of their temples, and sometimes before the entrances 
dem date are evidently restorations; others, probably of to them. 

the earliest ages, having occupied Uie same site\ In- Of all the architectural works of the Egyptians, how- 
deed M. Champollion asserts generally that the Ptolemies, ever, none have excited so much tlie wonder and curiosity 
and the Ethiopian Ergamenes himself, only rebuilt tem- of men as the pyramids themselves ; not in consequence of 
pies where they had ah*eady stood in the times of the any particular beauty in their composition, or ingenuity in 
Pharaohs, and to the same divinities that had always been their construction, but simply because of their immense 
worshipped there ; and he remarks, that the religious sys- magnitude, and unknown use, and antiquity. Deuon makes 
tem of this people was such a complete whole, so connected the following observation on his first visit to the great py- 
in all its parts, and fixed from time immemorial in so ab- ramid of Gizeh, at Memphis. " If we reflect upon thes** 
soiate and precise a manner, that the dominion of the pyramids, we shall be inclined to think the pride that 
Greeks and of the Romans did not produce any innovation : constructed them greater even than these masses them- 
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HUtoi7. aeWes, and shall scarcely know whether to reprobate mott tecture before referred to, unless eveiy example exhi- History. 
the insolent tyranny which commanded, or the stupid ser- biting that tendency were itself referred to a date poste- ^ ^ 
▼ility of the people which executed, the undertaking, rior to that assigned to Cheops and Cephron, which can- 
None but sacerdotal despots would ever have undertaken not be done in accordance with the assertions of M . 
them, and none but a stupid fanatical people would ever Champollion as to the structures of Thebes, Elephantina, 
have built them... .The most honourable reason that can and Nubia generally. 

be assigned for their erection is the emulation of man to From its immense size, the dimensions of the great py- 
excel Sie works of nature in immensity and duration, and ramid of Gizeh, at Memphis, are variously given by tne 
in this project he has not been altogether unsuccessful, various persons who have measured it. M. Nouet, who 
Hie mountains near the i>yramids are not so high, and was of tne French commission in Egypt, and had perhaps 
have suffered more from time than the pyramids Uiem- the best means of ascertaining the truth, states its base to 
selves.**^ But Memphis itself was of late foundation in com- be a square whose side is 716 French or 768 English feet 
parison with other cities on the Nile. According to Pro- in length, which is about the extent of the great square 
feasor Heeren,' civilization descended by the Nile from of Lincoln's-Inn-Fields in London ; and its height 421 
Ethiopia with the caste of priests who brought with them French or 452 English feet, or about one-third as high 
the worship of Ammon, Osiris, and Phtha (the Jupiter, again as St Paul's Cathedral. It is built in regular courses 
Bacchus, and Vulcan of the Greeks), and ** the spread of or layers of stone, which vary in thickness from two tc 
this worship, which was always connected with temples, three feet, each receding from the one below it to the 
affords the most evident vestiges of the spread of the number of 202 ; though even this is variously stated from 
caste itself; and those vestiges, combined with the records that number to 260, as indeed the height is given by 
of the Egyptians, lead us to the conclusion that this caste various modem travellers at from 444 to 625 feet. And 
was a tribe which migrated from the south, above Meroe, the ancient writers differ as widely, both among them- 
in Ethiopia, and, by the establishment of inland colonies selves and from the modems. On Uie top coui se the area 
around the temples founded by them, gradually extended is about 10 English feet square, though it is believed to 
and made the worship of their gods the dominant religion have been originally two courses higher, which would 
in Egypt. Proofs of the accuracy of this theory,^ he as- bring it to the smallest that in regular gradation it could 
serts, ** may be deduced from monuments and express be. It is a solid mass of stone, with the exception of a 
testimonies concerning the origin of Thebes and Ammon narrow corridor leading to a small chamber in its centre ; 
from Meroe ; that it might indeed have been inferred and a larger ascending corridor or gallery, from about half 
from the preservation of the worship of Ammon in this the distance of the nrst to another larger chamber at a 
last place. The same author goes on to say, that ** Thebes considerable distance, vertically above the former, in 
was, if not the most, one of the most, ancient cities which there is a single granite sarcophagus, not more than 
of Egypt r and that *' Memphis and other cities of the large enough for one body, putting the intention of the 
vale of the Nile are known to have been founded from structure clearly beyond doubt, liie other pyramids dif- 
Thebes." Now Thebes exists to the present time in the fer from that of Cheops (as the largest is called) in size, 
ruins of her magnificent temples, the works of the Pha- and slightly in form and mode of construction, some having 
raohs, but without the vestige of a pyramid, so that it the angles of the steps or courses of stone worked away 
may be concluded that none was ever built there ; and to an inclined plane, and some not diminishing in a right 
Memphis maybe said to exist in the everlasting pyramids line. One of the middle-sized pyramids is umike all the 
of Gizeh and Saccharah, which occupy two of its extre- rest, in being neither smooth nor in small steps, but in six 
mities; but no indication remains of the existence of a large benches or stages, apparently of equal height, and di- 
temple of any kind : indeed the exact site of the city ininishing gradually. But Uie circumstance whioi most dis- 
cannot be determined except by the pyramids. Herodo- tinguishes it is, that it is constructed of rude unshapen 
tus, however, speaks of temples at Memphis, particularly blocks of stone, cemented together with a very large pro- 
of that of Vulcan or Phtha ; but certainly no vestige of portion of mortar. Another is of unburat brick» and has 
such has existed for a long period of time within that vi- consequently become ruinous and mis-shapen, 
cinity. Memphis was a great and ancient capital, and The famous labyrinth, of which Herodotus speaks as 
why should it not retain some evidence of the existence having been built by the twelve kings of Egypt, beyond 
of temples in it? But Thebes was a greater and more an- theLdceMoeris, is believed by Denon, after examination 
cient capital, and indeed th^ metropolis of all Egypt; and of the described site, to be little better than fabulous, and 
why has it no pyramids ? These wings are equally un- that the historian was imposed on by the priests, from 
accountable and inexplicable, affording groundwork for whom he derived most of nis information. He sajrs, in- 
almost any theory, but giving perfect support to none, deed, that he saw and examined it himself; but his de- 
Mr Hamilton, in his JEgyptktcat before quoted, places scription is so vague, that an architect who should endea- 
Memphis considerably further south, where some ruins vour to make a design from it, would be greatly embarrass- 
have been discovered which maybe thought to give a ed. As we can therefore derive no information from it 
colour to his supposition. But the ruins are of very in- with regard to architecture, it need not be further dia- 
oonsiderable extent, and are all prostrate, so that nothing cussed here. It has been suggested as probable, and ui- 
can be positively determined by them ; and the statement deed the opinion has been maintained, that the pyramids 
of Fliny as to the relative distances of the Nile and the stand over immense substmctures ; that their areas are 
city from the pyramids of Gizeh beine proved to be cor- occupied by chambers, in which may be found the arcana 
rect in the one, may be admitted in the other. If Hero- of Egyptian lore, of which they are the depositories. If 
dotus*s account of the building of the pyramids be receiv- it really be so, may not the labjrrinths just referred to 
ed, they are of comparatively modern date, the oldest hav- have been under the pyramid, which the historian sajrs 
ing been constructed several generations after the time was constructed at the point where the labjrrinth termi- 
of Sesostris, under whom Thebes attained its highest nates, instead of near it ? His expression is so ambiguous^ 
degree of splendour; but this would leave unaccounted that it leaves room for a suggestion of the kind* 
for the tendency to pyramidal forms in Egyptian archi- Of the domestic architecture of the Egyptians we havf 

^ Vo^gt iant la Bam et h HauU ExupUy p. 77* Vsr V. Denon. " Monu^ cf AneUni Hklory^ p. 68 
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HUtorj. nc knowledge whatever. The stAtements of the ancient autliors of the great French work wc Iwve so often ailud- HLitor^. 
^^''vr^^^ters on the suliject have been already mentioned ; but ed to. That t£e Persian style, though very different in 
supposing them to be more explicit, and more in confor- particulars, does bear a relation to the Egyptian family, 
mity with probability, than they really are, without exist- however, is very evident. Sir Robert Ker Forter, in his 
ing remains we could form but a very imperfect idea of travels in the East, says Uiat the first impression he re- 
what it was. Reasoning from analogy, and the slight in* ceived in his first walk among the ruins of Persepolis was. 
formation of historians, we should conclude that the habi- that " in mass and in detail they bore a stronff resem- 
tations of the Egyptians were of a very unpretending de- blance to the architectural taste of Egypt"' Neverthe- 
scription. The already quoted statement of Dioaorus less, there is a strong probability that the Persian is itself 
Siculus, that " they are not very curious in the building an original style, and that the resemblance is merely for- 
of their houses,** even in his time, after their long inter- tuitous, similar results arising from the same causes, as in 
coarse with Greece, and their more recent connection Egypt and India ; for the eastern parts of that country 
with luxurious Rome ; added to the fact, that no indica- are believed to have been the earliest seat of the human 
tions of domestic structures exist in any part of the coun- race. Professor Heeren says of Persia, *' It cannot be 
try, and that the presumed habitations of the priests, in doubted, that long before the rise of the Persian power^ 
the ancient temples, are small and inconvenient cells ; and mighty kingdoms existed in these regions, and particular- 
all these things, taken in conjunction with the mildness of ly in the eastern part of Bactria ; yet of those kingdoms 
the climate and the salubrity of the atmosphere, we think we have by no means a consistent or chronological his- 
it must be admitted, warrant the conclusion. tory — ^nothing but a few fragments, probably of dynasties 
No style of architecture of which we have any know- which ruled in Media properly so called, immediately 
ledge is so well qualified to produce impressive effects on previous to the Persians ; *> from whom the style of archi- 
the mind as the Egyptian. The mere assumption of its tecture may be derived, though indeed we know of no re- 
forms, however, is not sufficient to produce its effects ; mains of earlier date than those which are properly called 
and drawing is more incompetent to convey an idea of it Persian. But we may be said to know nothing of Bac- 
than perhaps of any thing else in art. To this point the tria ; it may, and probably does, rival Elora, Salsette, and 
authors of the great work of the Frehch Institute on the the banks of the Nile, in primitive specimens of architec- 
antiquities o(^ Eg3rpt bear testimony in strong language, ture. 

Speaking of the incompetence of drawings to convey just We have neither historical nor archaeological informa- 

iaeas of the grandeur, magnificence, and beauty of the tion that can be depended on to prove what the state or 

Egyptian temples, and other remains ofantiquity, they say, style of architecture was among the ancient Assyrians. 

^ Despite the care we have given ourselves to describe Lucian says, however, that their temples were less ancient 

the Egyptian monuments, we cannot even hope that we than those of Egypt. The ruins believed to be those of 

have succeeded in giving to others the ideas which we the great capital of Babylonia present nothing but shape- 

ourselves received from actual views and present contem- less masses of brick, from which no idea whatever can be 

plation of them ; for there are things which drawings and formed as to the style of architecture, or the progress it 

descriptions cannot convey. Geometrical drawings are had made in that country ; but some cylindrical and other 

witltout doubt quite competent to show the form and seals and fragments, in terra cotia^ found by excavation 

proportions of an edifice, its disposition and distribution ; among those ruins, and now in the British Museum, are 

but far indeed are they from givuig satisfactory ideas of sufficiently in accordance with the rest of the eastern an- 

the elegance and effect of structures. Frequently we had tiquities to be received as evidence of the general assimi- 

to regret how much ofthe beauty of the original was lost lation of its style of design with that which was common 

in its geometrical representation on paper ; for what in to the neighbouring nations. 

execution was light and graceful, often in the geometrical llie Phoenicians, we are told by Lucian, built in the 

drawings appeared heavy and inelegant.**' Egyptian style ; but their country retains no memorials of 

The materials used in the construction of the Egyptian its ancient architecture by which we might confirm or 

architectural monuments are, for the most part, granite, correct his information. Doubtless Carthage and the 

breccia, sandstone^ and unbumt brick. The granite was other colonies of Phoenicia followed their parent country 

principally supplied by the quarries at Elephantina and in this particular. 

Syene, for which tlie Nile offered a ready mode of con- As far as we can judge from the trifling documents we 

veyance ; some species were brought down the river from possess of the architecture of the ancient Mexicans and 

Ethiopia, but we do not find that the materials were at Peruvians, it was of a rude but massive character, and may 

any ume brought from any other foreign country. It may be thought also to resemble the early architecture of In- 

be remarked, too, that in the earliest structures the com- dia, Egypt, and Persia more than we can see any reason 

mon^ref or sandstone is principally employed. Excepting for, ^except in the tendency 6f the mind of man to the 

the obelisks and some few ofthe propylaea, all the temples same result when he is placed under similar circum- 

at Thebes are of that material. In Liower Egypt, on the stances. An impression to this effect appears to have 

contrary, and in the works of later date generally, almost been made on Humboldt, who, when speaking of a pyra- 

evenr thing is constructed of g^nite. midal mass of ancient Mexico, says, ** It is impossible to 

Persisn, rierodotus informs us that the ancient Persians had read the descriptions which Herodotus and Diodorus 

^^'VfcT"* neitlier statues, temples, nor altars ; and Diodorus Siculus Siculus have left us of the temple of Jupiter Belus, without 

n?dan '^ affinns that the palaces of Persepolis and Susa were not being struck with the resemblance of that Babylonian 

nrehitae- ^^^^ ^'^^ '^^ ^^ conquest of Egypt by Cambysesy and monument to the HocalUs of Anahuac"^ 

ture. that they were constructed by architects of that nation. It is an illustration of the fact that the wants and fim- 

In this case, as in that of India, we are at a great loss for cies of man lead him to nearly the same results as he be- 

evidence. The Persepolitan remains, thougn frequently comes civilized, without communication and consequent 

visited and slightly, sketched, have not been explored and imitation, that the plans given by Sir William ChanuierB» 

delineated by such men as Stuart and Revett, or the of Chinese public and private buildings, might be taken 

> DetcriptUm de VEgypte^ vol L p. 292. * Manual of Ancient History, p, 2& 

* Travels in Georgia^ Peraia, fc. by Sir U- K. Porter, vol. i. p. 579. * Humboldt's Personai Narrative. voL L p. 8S. 
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History, at the tirst glance, for either Hindoo, Greek, Roman, or that the architect and the principal workmen were all Histoiy 
Moresco— of course not considering magnitude of parts, either Egjrpdans or Phoenicians, and that consequently the 
but general forms and arrangements. Indeed, the remark edifice miist have been in the Egyptian style. A learned 
may bo extended beyond the mere plans ; for all have, to architect of the present day has endeavoured to show that 
a certain extent, insulated colunms placed equidistant, and it was in the Greek style, and that its form, proportions, 
crowned with an entablature ; and the general effect of many and distribution, were not dissimilar to those of the 
Chinese buildings is altogether Moorish. temple . of Ceres at Eleusis. As the Phoenicians, who 
Architecture was not likely to flourish among the shep- were principally employed by Solomon, themselves built 
herd tribes of Israel. It is in agricultural and commercial in the Egyptian manner, we think the probability is great 
countries, such as Egypt and Greece, that its noblest that it was in the E^ptian or Phoenician style, as far as 
works are produced, and not among the nomades of Ara- the Jewish ceremonial would permit ; and certainly the 
bia and Palestine. Saul, the first lung of Israel, appears descriptions of its distribution accord better with that of 
to have had no settled place of abode ; and the most sa- an Egyptian than of a Grecian temple. The pillars of 
cred ceremonies of the Jewish religion were performed at Jachin and Boaz, which are said to have been set up be- 
Gilgal, where was the temple of unhewn stones set up fore the temple, correspond exactly in relative situation 
by Joshua on taking possession of the promised land, and with the obelisks in temples at Thebes. Clemens of Alex- 
makinj^ a covenant between God and the people, until andria, too, gives a description of an Egyptian temple very 
the building of the temple at Jerusalem in the place ren- much like that of the Jewish ; and the palm-leaves, roses, 
dered holy by Abraham s great sacrifice. Saul himself fruits, and flowers, in the latter, are very common in ex- 
was confirmed in the kingdom at Gilgal, and there the isting specimens of the former, whereas in the Greek re- 
nation swore allegiance to him with sacrifices to the Al- mains of early date no such things are to be found, 
mighty ; but as yet nothing existed there in which to per- Whether the Jews in afler-times possessed a national 
form the rites, except the ancient Celtic structure to which style of architecture or not, we cannot tell : there is no 



we have alluded. Joshua also set up an altar in Mount 
Ebal, and in long afler times a splendid temple was erected 
in one of the two neighbouring mounts, Ebal or Gerizim, 
where the Samaritans worshipped. Like his predecessor on 
the throne, David appears to have been but indifferently 
lodged till towards the end of his reign, when he is said to 
have built himself a house ; and until the temple was built 
ia the following leign, the ark of the covenant was never in 



reason, however, for supposing that they did ; for their 
monotheistic structure at Jerusalem was not repeated in 
other places, as the temples of the heathen divinities were 
among the Greeks and Romans, by which they might 
have acquired a peculiar mode of composition and com- 
bination. The non-existence of a national Jewish style 
of architecture tends also to strengthen our position, that 
architecture did not originate in the disposition and de- 
a fixed place ^^it was at one time in a private house, at coration of buildings for domestic purposes, of which the 
another in captivity among the Philistines ; and, indeed, Jews must, when settled, have made as much use as 
King David expressed his shame that he had a house of other nations ; and a multiplicity of religious edifices, in 
cedar, whilst the ark of the Lord still dwelt in a tent, the construction of which tney might have acquired onCf 
These things, and the fact that Solomon sent to Tyre for was forbidden by their code. 

workmen, and indeed for an architect also, are, we think. In various parts of Greece and Italy, specimens of rude Pelasgie 
conclusive evidence, that in whatever state architecture walling are found of such remote antiquity that they are, 'rchiivi*- 
was among the Jews from the building of the temple at as by common consent, referred to the fabulous ages, and, ^^^^' 
Jerusalem, it was very low before that time ; and from the for want of a more distinctive term, are called Cyclopean, 
descriptions we have of that edifice itself in the Bible, it Now it appears, from the concurring evidence and opi- 
appears to have exhibited a greater degree of barbaric nions of most antiquaries, that a people who have been 
splendour than of classic elegance. From mere descrip- called Pelasgi, or sailors, migratea from Asia Minor, or 
tion, however, it is impossible to understand an unknown the coast of Syria, at a very early period, and possessed 
species of building, as many things we shall have occasion themselves of various countries, some of which were un- 
to refer to will clearly prove. occupied, and others inhabited by Celtic tribes. Mr 
Few things have occasioned controversies more amus- Godfrey Higgins says that the Pelasgi were Canaanitea, 
ing, from the singularity of some assumptions, and the ab- and bemg a hardy sea-faring race, they soon subdued the 
solute futility of them ail, than the style and manner in Celtic inhabitants of Delphi in Greece, or of Cumse in 
which Solomon's temple was built. Villalpanda, a Spanish Italy, who, from their first quitting the parent hive, never 
Jesuit, appended to a commentary which he wrote on the had occasion for an offensive weapon, except against wild 
prophecies of Ezekiel, a long dissertation on the first and beasts ; and that they were the people who settled Car- 
second temples of Jerusalem, in which he insists that the thage, Spain, and Ireland. Bishop Marsh has proved the 
theory and practice of permanent architecture commenced Pelasgi to be Dorians, Dr Clarke has proved tne Etrusci 
with the building of that temple by Solomon — ^that with to be Phoenicians, and Gallaeus has proved the Dorians to 
it, ** the orders, which, he says, are falsely attributed to be Phoenicians. Thus, says Mr Higgins, the Pelasgi, the 
the Greeks, came into existence— that indeed the design Etruscif and the Phoenicians, are all proved to be the 
(from a passage in the first book of the Chronicles), per- same. According to Professor Heeren, also, who aflixea 
feet in all ^ its details, was given to David, draum by tlu dates to the various migrations, the Pelasgi were of 
hand cf^ God I He moreover pretends to show, that the Asiatic origin. ^ Their first arrival in the Peloponnesus 
proportions assigned by Vitruvius to the different orders was under Inachus, about 1800 years b. c. ; and accord- 
accord exactly with the descriptions given of the temple ing to their own traditions," he says, *' they made their 
of Solomon ; and accuses Cidlimachus of usurping the ho- first appearance in Uiis quarter as uncultivated savages. 
DOur of inventing the Corinthian capital, which could not They must, however, at an early period, have made some 
belong to him, as it was of divine origin, and had been progress towards civilization, since the most ancient states, 
executed ui the temple at Jerusalem centuries before he Argos and Sicyon, owed their origin to them \ and to 
▼as bom. . Some learned, and in some respects sensible them, perhaps with great probability, are attributed the 
men, have attempted to support this theory ; and others remains of those roost ancient monuments generally 
have thought if^worth while to controvert it, by proving termed Cyclopic.**^ He adds, that the Hellenes, a people 
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History, ci Asiatic origin also, expelled the Pelasgi from almost selves for withstanding outward pressure ; the Joints of tlie aiieoty* 
""^V^^ every part of Greece, about 300 years after their first stones being partly wrought radiating, and partly ren« 
occupation of it ; the latter keeping their footing only in dered so by wedges of small stones driven tightly into 
Arcadia and in the land of Dodona, whilst some of them them behind. The apex is formed, not by a key-stone, 
migrated to Italy, and others to Crete and various islands, for the construction does not admit of such, but by a 
The arrival of the Eg3rptian and Phoenician colonies in covering stone, which is merely laid on the course imme« 
Greece, Professor Heeren thinks, was between 1600 and dtately below it. It may be added, that internally the 
1400 B. c. lower projecting angles of the stones are worked off to 
The connection of Greece and Italy with each other, follow the general outline. Though this is the largest 
and with Egypt and Phoenicia, is thus made evident. The and most perfect, its internal diameter at the base being 
Cyclopsean structures, however, were the works of the 48 feet 6 mches, and its height from the floor to the co- 
rude Pelasgi before that connection took place, except as vering stone 45 feet, yet edifices exhibiting similar struc-> 
far as it existed in their having a common origin. They ture are found in many other places in Greece itself, in 
occupied, either simultaneously or consecutively, both Egypt, in Sicily, and m Italy. They all however tend to 
Greece and Italy ; and this accounts for the sameness prove, that the principle of the construction of the verti 
of that peculiar and original mode of structure which, we cal arch was unknown at the time of their erection in alt 
have said, is found in both countries, though no evidence those countries ; and their erection is as evidently of the 
exists of its ever having been practised elsewhere. If, in- most remote antiquity, perhaps of the presumed era of 
deed, the things in question were the work of the earlier Daedalus, to whom some have assigned many of them, as 
Celtic inhabitants, a still more remote date must be as- well as the discovery of so much of the principle of the 
signed them than they could derive from the Pelasgi ; arch as is exhibited in the arrangement of the norizontal 
and this is the opinion of Mr Higgins, supported, he rings or layers in the Mycenaean monument. Neither 
contends, by the suffrages of Dodwefi, Clarke, and others, could the mechanical powers have been unki^own to their 
who say that the doorway called the Gate of the Lions, constructors. In the edifice which we have described, 
in the Acropolis of Mycenae, is built exactly like the and which is thought by some to be the Treasury of Atreut» 
remains of Stonehenge. I1ie most ancient specimen or the Tomb of his son Agamemnon, mentioned by Pau- 
of Cyclopic walling is found at Tyrinthus, near My- sanias as existing among the ruins of Mycenae in his time» 
Plate I. oenae. It is composed of huge masses of rock roughly the inner lintel of the doorway is 27 feet in length, 16 feet 
Fig. 14. hewn and piled up together, with the interstices at the deep, and nearly 4 feet thick, weighing, it is computed, 
angles filled up by small stones, but without mortar or upwards of ISO tons ; and the lintel of the Gate of the 
cement of any kind. The next species is in stones of va- Lions in the Acropolis of the same citjs is, from its im 
rious sizes also, shaped poly^onally, and fitted with nicety mense magnitude, also strongly illustrative of the great 
one to another, but not laid in courses. Specimens of mechanical skill of the people of those times. As the 
this are found at lulis and Delphi, as well as at the places Treasury of Atreus at present exists, it exhibits nothing 
ahready mentioned, in Greece, and in various parts of like an attempt at decoration, except that the doorway is, 
Italy, particularly at Cossa, a town of the Volsci. This on the outside, sunk in two faces all round, as if to harmo* 
also was constructed without mortar. The mode of build- nize with some architectural composition ; and the inte- 
ing walls, which took the place of that, is not called Cyclo- rior of the edifice may be supposed to have been lined, 
Ft^. 16. paean ; it is in parallel courses of rectangular stones, of un- probably with plates of metal, like the tower of Acrisius, 
equal size, but of the same height. This is common in as bronze nails for attaching them to the vault still re* 
the Phocian cities, and in some parts of Boeotia and Ar- main. Some sculptured fragments of marble which have 
golis. To that succeeded the mode most common in, and been found among the ruins of the fallen parts and the 
which was chiefly confined to, Attica. It consists of hori- rubbish which chokes up the entrance, together with in- 
zontal courses of masonry, not always of the same height, dications on the external front of the edifice that it was 
but composed of rectangular stones. cased, have led to an ingenious attempt at restoration, 
Qr«clsD The oldest existing structure in Greece of regular form upon the supposition that the fragments were parts of a 
■rehitec- is of far superior construction to the Cyclopeean walling, frontispiece. The fact that such ^ontispieces were some- 
tiunew mi^ must be referred to the Egyptian or Phoenician co- times carved, and sometimes constructed, in connection 
lonists. It is at Mycenae, and consists of two subterra- with the entrances of excavated tombs and other spea in 
nean chambers, one of which is much larger than the Egypt and Nubia, gives a degree of probability to the 
other. The outer and larger one is of circular form, and idea that it would not otherwise have ; for the fragments 
is entered by a huge doorway at the end of a long ave* do not resemble the earliest existing specimens of Greek 
Due of colossal walls, built in nearly parallel courses of architectural forms ; though indeed these latter may be 
rectangular stones, roughly hewn, however, and laid with- traced to Persepolis, and Ibrira in Nubia, according to 
out mortar. Its external effect is that of an excavation, several ingenious antiquaries and architects. In curious 
though the structure of the front is evident ; and inter-* accordance with this Mycenaean structure is the ancient 
nally it assumes the form of an immense lime-kiln ; its monument at New Grange, near Drogheda, in Ireland, 
vertical section being of a somewhat conical form, under Ruder in every respect uian the former, in form, con- 
nearly parabolic curves, like a pointed, or what is vulgarly struction, and mode of access, it bears such a striking 
called a Gothic arch. The construction of this edifice similarity to it, that it is almost impossible to be supposed 
was thought to afford dear evidence that the Greeks the effect of mere chance. The opinion of Mr Godfrey 
were acquainted with the properties of the arch ; but Higgins, that the Pelasgi, who peopled many of the coun-* 
in the most material point this was destroyed on finding tries on the shores of the Mediterranean Sea, peopled 
that it consisted of parallel projecting courses of stone in Ireland also, appears to be supported by this coincidence 
horizontal layers, in the manner called by our workmen between the so-called Treasury of Atreus, or Tomb cf 
battering, or more correctly perhaps corbelling. It proves, Agamemnon, in the Peloponnesus, and the monument at 
however, that its architect understood the principle of the New Grange in Ireland. ^ 

arch in its horizontal position ; for Mr Cockerel! has dis- We know of no columnar edifice in Greece, or else- pj^^ |^ 

covered, by excavations above it, that the diminishing rings where in the Grecian style, of earlier date than the ruin- pig. lo. 

of which the dome is composed are complete in them- ed temple at Corinth, which b in the plainest and om« 
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History, plest form of what has been caUed the Doric Order, jud^s. The temple at Amada in Nubia can hardly be Hlscorr 
' though it would be more correctly designated the Doric positively assumed as an example of the pnktHlforiei v^«s/«i^ 
Style ; for the term Order is objectionable, because it sup- though it may of the proUhcolumnar, Nevertheless, the piate IjL 
poses rules and limitations to what in its best times was example is striking, as it certainly possesses the Doric 
subjected to neither. As, however, it is the term best character. The broad square abacus, and the cylindrical 
understood, we shall not hesitate to continue it. It is dif- or even conoidal tendency of the shaft, marked as it is, as 
(icult, if not impossible, to ascertain where and in what if for fluting, with the plain, simple, and massive epistyle 
manner the Doric order originated. The example we have or architrave superimposed, are all in accordance with 
rdfenred to, though the earliest, does not differ in its lead- the Hellenic columnar ordinance ; still there is notlimg 
ing features and characteristics from the more perfect to connect that rude model with the positive and some^ 
specimens of later date ; and it bears no direct and easy what formally arranged example at Corinth with which 
analogy to any species of columnar arrangement of other we began. U must be remembered, however, that two 
countnes and earlier times. The stor]^ of Vitruvius, even connecting links between Egyptian and Greek architect- 
supposing it rational, does not coincide with the Greek ture are lost ; Lower Egypt, with its splendid capital 
style of Doric at all, but, if with any thing, with the Ro- Memphis, and Phoenicia ; through which latter the leam- 
man examples of it, which at the best mre mean and in- ing and taste of the inhabitants of the former country ap- 
elegant deteriorations of the simple and beautiful original, pear to have taken their course ; but of neither of these 
This author says that ** Dorus, the son of Hellenus and of do we possess architectural remains that bear on the sub- 
the nymph Orseis, long of Achaia and of all the Pelopon- ject in question. In the Pharaonic structures of Thebes 
nesus, having formerly built a temple to Juno in the an- we find both the tumescent and the cylindrical columns; 
cient city of Argos, this temple was found by chance and an amalgamation and modification of the two would 
to be in that manner which we call Doric"^ In another easily produce the Doric column, or something very much 
place he deduces the arrangements of this same order like it, which may have been executed in those places, and 
from those of a primitive log-hut in the first place, through so transferred to Greece. Of the triglyphs, the most dis- 
all the refinements of carpentry, leaving nothing to chance, tin^ishing part of the Doric entablature, there are many 
but settling with the utmost precision what, in the latter, indications in the early works of Upper Egypt ; and in the 
suggested the various parts of the former. Chance in structures of the Ptolemies they are still more evident 
one case, an3 experience in another, however, are not though it may be objected that, m these, those indications 
enough for this author ; but he also tells us that the Doric were borrowed from the Greeks after the Macedonian con- 
column was modelled by the Grecian colonists in Asia ^uest. But it must be borne in mind that the Egyptian na- 
Minor, on the proportions of the male human figure, and tion did not change its character, religion, or usages by the 
was made six diameters in height, because a man was found change of its governors ; and the Egyptians were, through 
to be six times the length of his foot ; and that eventual the whole period of their existence as a nation, an origi- 
improvements occasioned the column to be made one dia- natinff and not an imitative people ; whereas the Greeks 
meter more, or seven instead of six. *' Thus the Doric seized on a beauty wherever they found one, and made it 
column was first adapted to edifices, having the propor- their own by improving it. The forms and arrangement, 
tion^ strength, and beauty of the body of a man I ' The too, of many of the Greek mouldings, and the manner of 
earliest examples of this order, however, are those which carving to enrich them, are common in the earliest ornate 
least agree with the primitive forms and proportions of works of the Egyptians ; and such things are as strong 
Vitruvius ; the columns at Corinth hardly exceed four evidence of community of origin, as the existence of simi* 
diameters in heieht, while in later examples they gradu- lar words having the same meaning in different languages 
aJly extend, till, m the temple of Minerva on the promon- is of theirs. We may be asked, why the Greeks cannot 
tory of Sunium, the columns are nearly six diameters, be- be allowed to have originated that beautiful style of ar- 
ing one of the tallest specimens of pure Greek origin ever chitecture which they brought to the perfection it displays 
executed. If the trunxs of trees used in the structure of in their works ? To which we think it a sufficient answer, 
tents suggested the first idea of columns, and of the Doric that it would be against the common course of events if it 
in particular, as many contend, how is it that the earli- were so. In Egypt we can trace a pro^ss from the ruder 
est specimens discovered are the most massive ? For the to the more advanced, and, with trifling discrepancies, to 
merest saplings would have formed the wooden proto- the most perfect ; but in Greece, the earliest specimen ot 
columns, and necessarily, when imitated in stone, they columnar architecture that presents itself displays almost 
trould not have been made more bulky than the less tena- all the qualities and perfections which are found in works 
cious nature of the material required ; much less would of periods when learning and civility were at their acme in 
the slender wooden architrave have been magnified into that country. We cannot find in Greece a stenping-stone 
the ponderous entablature of the primitive permanent ar- from the Celtic or Pelasgic Gate of the Lions of Mycense, to 
chitectural structures of all nations. In the construction the Doric columns at Corinth, and hardly to the Fane of 
of edifices with the trunks of trees, and timber generally, Minerva in the Acropolis of Athens ; and have therefore to 
then, we do not find the origin of Doric architecture. If seek the gradations among the people with whom we have 
we have recourse to Egypt, the mother of the arts and seen they were connected, and whose country furnishes 
sciences, we shall ind^d find many things even in the them in a great measure, if not entirely. Differences in 
raore ancient structures which may have fiimished an idea climate and in political constitution, as well as in forms 
of the Doric arrangements to the fertile imagination of a of religion, account sufficiently for the differences between 
GreeL The later works of that country cannot be trust- the arrangements of the religious structures of the Greeks 
ed for originality, as they may themselves have been in- and those of Egypt. At the present day we find, that 
fluenced by Greek examples ; but we hardl3r dare assert though they may be built in the same style, and for the 
that the Doric order was suggested by any thing in Egyp- worship of the same divinity, there is a wide difference be- 
tian architecture, though in making such assertion we tween a church in Italy and a church in England, and a 
should be supported by they opinions of many competent still greater between a church in the former country and 
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riittoT/. one in Scotland. The modely however, of the Greek not ot very early date in Greece ; earlier examples exist in Hittory 
temple is found in many places in Egypt, generally placed Asia Minor, and foliage adorns the capitals of columns in ' 
as a chapel or sedicula, subsidiary to, and in connection some of the Pharaonic monuments of ^j^t ; not arranged, 
with, die larger structures, as well as in the earlier Nubian indeed, as in the later Corinthian capital, which by poii« 
temples themselves. sibility may have been the result of some such acciaent 
>ione other than the Doric style or order was used in as Vitruvius relates of Callimachus and the basket on the 
Greece till afler the Macedonian conquest, about which grave of the Corinthian virgin. The interior of the temple 
period that beautiful and graceful variety called the Ionic of Apollo Did3rmaeus at Miletus in Ionia exhibits tlie 
was brought into use. It is as difficult todeterroine its origin earliest example of the acanthus leaf arranged round the 
as that of the Doric. Vitruvius says that the Ionian colo- drum of a capital in a single row, surmounted by the 
nists, on building a temple to Diana, wished to Hnd some favourite honeysuckle ; but that edifice was constructed 
new manner that was beautiful ; and by the method which about a century before Callimachus is understood to have 
they had pursued with the Doric, proportioning the column lived. The only perfect columnar example in Greece it- FUte vn. 
after a man, they gave to this the delicacy of the female self of this species of foliated capital is of later date than, ^^g** ^> ^ 
figure ; in the first place by making the aiameter of the and is a great improvement on, that of Miletus ; it is the ^ ^ 
column one eighth of its height, then by putting a base to beautiful little structure called the Choragic monument 
It in twisted cords, like the sandals of a woman, and fi)rming of Lysicrates at Atliens. Specimens are less uncommon 
the capital with volutes, like the hair which hangs on both in Greece of square or antse capitals, enriched with foH- 
sides of her face. To crown all, he says that they chan- age, than of circular or columnar capitals ; but they are 
nelled or fiuted the column, to resemble the folds of female almost invariably found to have belonged to the interior 
garments, by which it would appear that Vitruvius did of buildings, and not to have been used externally. In 
not know that the Greeks never executed the Doric order considering Greek architecture, it is necessary to bear in 
without fluting the columns. '* Thus," he goes on to sa^, mind that it ceases almost immediately after the subjec- 
" they invented these two species of columns, imitating m tion of Greece to the Roman power ; for there are many 
the one the naked simplicity and dignity of a man, and in edifices in that country in the style of columnar arrange- 
tlie other the delicacy and the ornaments of a woman." It mcnt of which we are now speaking besides those re- 
can hardly be doubted that the voluted or Ionic order did ferred to, but they belong to Roman and not to Greek 
originate in Ionia, at least we know of no earlier ex- architecture. The earliest of them perhaps, and certainly 
amples of it than those which exist there ; and it does the least influenced by Roman taste, is the structure called 
not appear to have been known to the European Greeks, the Tower of the Winds, or of Andronicus C^rrhestes, at 
and certainly was not practised by them, till after the pe- Athens. A spurious example of Greek Doric, evidently 
riod we have indicated* It probably took its rise from executed under the Roman domination, may be referred 
some peculiarities in Persian architective ; though many to here ; it is that of the Agora, or Doric portico, as it is 
believe that the Ionic order had a much earlier origin, de- sometimes distinguished, in the same city, 
riving it from Egypt, where, it is true, many indications Besides the three species of columnar arrangement we 
are found of its volutes in the spiral enrichments of capi- have enumerated, the Greeks employed another in which 
tals ; but it must be observed that they are in edifices statues of women occupied the place of columns. .Tlie 
now ascertained to be of the age of the Ptolemies, and reason of this too Vitruvius furnishes in a story which is 
consequently later than the structures which exhibit the as usual, totally unsupported by history or analogy ; but 
voluted order in Ionia and its islands. We think, too^ the consequence of it is, that such figures are called 
that many persons are influenced in assigning a higher Caryatides ; and the arrangement has been called by 
degree of antiquity to this style than facts will bear out, some the Caryatic order, ilie use of representations ot 
by their respect. for the auUiorit^ of Vitruvius; though the human and other figures with or instead of columns 
Mr Gwilt (his latest translator into English) confesses is, however, common in the structures of Egypt and In- 
that ** upon his authority in matters of historical research dia ; and to the former the Greeks were doubtless indebt- 
not much reliance is to be placed.*'^ We are willing to ed for the idea, though they appear to have restricted 
admit that much may be adduced in support of the opinion, its application to human female figures. Mr Gwilt in* 
that this style was known and used in Greece even before fers, irom various facts connected with the worship of 
the age of Pericles ; specimens of it having been found in Diana Caryatis, " that the statues called Caryatides were 
connection with sculpture, certainly less perfect, and there- originally applied to or used about the temples of Diana ; 
fore presumed to be of earlier date, tnan the works of and instead of representing captives or persons in a state 
Phidias and his pupils and compeers. of ignominy (as the Vitruvian story goes), were in fact 
It is no less difficult to determine the origin of what is nothing more than the figures of the virgins who celebrat* 
called the Corinthian order. The not inelegant tradi- ed the worship of that goddess."' 

tionary tale by Vitruvius of the invention of its capital, is The only architectural works of the Greeks that re* 
the only reason of the name it bears. His account of main to us of any consequence, besides temples, pro- 
the origin of this third species of colunmar composition pyhea, and Choragic monuments, are theatres ; but these 
is more summary, and not less absurd, tlian that of the pre- latter do not retain any thing connected with architeo- 
ceding. He says that it was arranged " to represent the tural decoration to make them interesting, except to the 
delicacy of a young girl whose age renders her figure architect and antiquanr. They are generally situated on 
more pleasing and more susceptible of ornaments which the side of a hill, and were rather excavated or carved 
may enhance her natural beauty." With much more out in tiie earth or rock, than built ; except the prosce- 
reason might the Doric be called the Corinthian order ; nium and parascenium, which being at the lower part, in 
for, as we have stated, at Corinth there exists the oldest front, and requiring elevation, must of necessity be built ; 
example of that style ; whereas there is nothing, either in but very little of the constructed portions in any case ex- 
ruins or authentic record, to prove that the latter was ever ists* It does not appear that the theatres affi:>rded any 
known in that city. Columns with foliated capitals are provision for sheltering the spectators, or indeed the ac- 
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Hisior]^ tor8» from rain, except perhaps a covered cyrtostylar co- work is concerned ; the second is fallacious, because it is UUtorr- 
^^^v^^lonnade within the upper boundary wall, which, even when not necessary that the monarch should have brought the «^/«»r 
it existed, was of necessity very narrow and small for so knowledge with him ; though indeed he mi^ht have ac 
.large a number of people as were generally assembled ; quired it in Etruria, or it might have existed in Rome be- 
for the theatres were calculated to hold from five to fifteen (ore his arrival there. Most writers on the subject are of 
and even twenty thousand persons. This, to say the least opinion that the principle of the arch was not known, in 
of it, must have subjected the public to great inconve- Europe at least, nor to the nations of Western Asia and 
niences, even in so fine a climate as that of Greece ; for Africa, till after the Macedonian conquest, about which 
they were unsheltered from the sun at all times, and effec- time it may have been invented, or acquired from some 
tnafiy debarred from a favourite amusement in wet weather, of the eastern nations who were visited by the conque- 
No remains exist of the domestic structures of the rors. To these suggestions the obiections hold that the 
Greeks ; and we are too well aware, from the example of arch was not applied in £g3rpt in the architectural works 
others, of the futility of following mere descriptions on which remain of the Ptolemies, nor is it found in tlie Per- 
the subject, to attempt it here ; especially as the most ex- sian and Indian monuments which date beyond that pe- 
nlicit are those of Vitruvius, whom we know to have been riod. The author of the Munimenia Antiquoi afler a 
Ignorant of the arrangement of Greek temples, by those comprehensive review of all the authorities and examples 
of them which exist, and may therefore reasonably sus- on the subject, gives it as his own opinion that ** Sicily 
pect of ignorance with regard to things of which we have wafr the country where this noble kind of ornament first 
no remains. It may be taken for granted that the houses appeared, and that Archimedes was the inventor of it.**' 
of the Greeks were less extensive than those of the Ihe evidence appears, we think, generally stronger in fa- 
Romans, as they were a poorer and less luxurious peo- vour of its Italian origin ; but to whomsoever the inven- 
ple ; and we shall be able to determine those of the lat- tion may be attributed, and whensoever it was made, the 
ter nation with great exactitude, from the actual remains Romans were the first to make extensive practical use of 
of Roman towns and country mansions. The exquisite it ; and by its means they succeeded in doing what their 
beauty of form and decoration which pervades every ar- predecessors in civilization had never effected. It enabled 
tide of Greek origin^ whether coins, medallions, vases, them to carry secure and permanent roads across wide 
implements of war or husbandry, or even the meanest ar- and rapid rivers, and to make a comparatively frail and 
tide of domestic or personal use of which we have speci- fragile material, such as brick, more extensively useful 
mens or representations, is evidence of the fine taste with than the finest marbles were in the hands of the Greeks 
which the mansions of the Greeks were furnished. How- without that principle. To the Greeks, however, the Ro- 
ever, ignorance of the use of the arch, inferior carpentry, mans were indebted for their knowledge of the more po- 
the absence of glass, and ignorance of ihe use of chimneys, lished forms of columnar architecture ; for, before the 
weredisadvantages which the Greeks laboured under in Uie conquest of Greece, the structures of Rome appear to 
construction and convenient arrangement of their houses, have been rude and inelegant. The few specimens of 
that no degree of taste and elegance could completely architecture which exist of date anterior to that period 
countervail. evidently resemble the works of the ancient Etrurians, 
In the construction of their edifices, the Greeks sel- who, though they had made considerable advances on 
dom, if ever, had recourse to foreign materials ; the stone the architecture of their Pelasgic ancestors, were far in- 
used in tlieir temples being almost invariably from the ferior in taste and refinement to the Greeks ; yet it is to 
nearest convenient quarries, which supplied it of suffi- that people we are inclined to attribute the invention of 
cienUy good quality. The structures or Athens are built the arch, from whom the Romans acquired their know- 
of marble from the quarries of Pcntelicus, and those of ledge of its use, and that degree of civilization which 
Agrigentum of a fossil conglomerate which the place it- they possessed before the epoch referred to. It may be 
self mmishes. presumed that the Etrurians had also originated the style 
rnvention ^^ have taken it for granted that the Greeks were ig- of columnar architecture which Vitruvius describes and 
Df thearch.'^^'^'^^ of the properties of the arch, having too high an calls Tuscan ; but as no example of it exists, at least no- 
opinion of theur good sense to think that they could be thing that answers his description of it, we cannot tell posi- 
acquainted with so useful and admirable an expedient, and tively what it really was ; for, as we have before remarked, 
never use it ; and no instance of its adaptation occurs in descriptions without a model, of architecture particularly, 
the construction of Greek edifices before the connection are quite unintelligible, as far as understandinff^ a new 
of Greece with Rome took place. Whether its invention style goes. Whatever then was the style of architecture 
should be referred to Italy or not is another question. If in Rome before the conquest of Greece, it was either ex* 
the great sewer at Rome called the Cloaca Maxima was ploded by the superior merit and beauty of what the Re- 
constructed in the time of Tarquinius Priscus, it must be mans found in that country, or combined with it, though 
conceded that the properties of the arch were known and frequently the combination tended to destroy the beauty 
the arch implied in that country at an earlier period than we of both. In the porticoes of the temple of Antoninus and 
know the principle to have been understood and applied Faustina, and of the Pantheon, at Rome, the chaste sim- 
elsewhere ; for neither Egypt nor Greece, nor any of the plicity of a Greek columnar composition is preserved , 
Grecian colonies, can furnish evidence that it was known and in the magnificent dome of the latter edifice, and in 
to either Egyptians or Grecians till a long time after the the long extended aqueduct, it is fully equalled. But the 
period referred to, and when it may have been communi- triumphal arch of the Romans, a hybrid composed of co- 
cated from Italy. But it is contended that the Cloaca lumns and arches, is devoid alike of simplicity and har- 
Maxima, as it now exists, is a work of much more recent mony, indeed of every quality which constitutes beauty in 
date, and that it may have succeeded the sewer con- architecture. 

structed by the first Tarquinius, who was moreover himself In the transference of Greek columnar architecture to .^jff^ 

a Greek. If the first part of the objection be correct, the Rome, a great change was effected, independently of those ^^^ 

evidence in favour of Italy is destroyed, as far as that combinations. The less refined taste of the Romnns 
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lliitory. could not appreciate the simple grandeur and dignified the Egyptian style. If, however, Gieek architects were Hiftor). 
'beautyof the Doric, as it existed in Greece. They appear employed by the Romans, they must have made their ^ 
to have moulded it on what we suppose their own Tuscan to taste and mode of design conform to those of their con- 
have been ; and the result was the mean and characterless querors much more readily than we can imagine they 
ordinance exemplified in the lowest story of the theatre of would as the civilized slaves of barbarian masters ; a.id ft 
Marcellus at Rome, and in the temple at Cora, between is too clear to be disputed, that the Roman architecture 
30 and 40 miles south of that city* Not less inferior to is a style essentially distinct from the Greek. This is 
the Athenian examples of the Ionic order, than the Doric elucidated by the fact that many of the minor works of 
of Cora is to the Doric of Athens, are the mean and taste- sculpture in connection with architecture, such as candela- 
less deteriorations of them in the Roman temples of bra, vases, and various articles of household furniture dis- 
Manly Fortune and Concord. It was different, however, covered at the villa of Adrian, near Tivoli, and at Her- 
with the foliated Corinthian, which became to the Romans culaneum and Pompeii, are fashioned and ornamented in 
what the Doric had been to the Greeks — their national the Greek style, wnile others are as decidedly Roman in 
style. But though they borrowed the style, they did not those particulars ; rendering it evident that such things 
copy the Greek examples. In Rome the Corinthian were either imported from Greece, or that Greek artists 
oraer assumed a new and not less beautiful form and and artisans were employed in Italy, who retained their 
character, and was varied to a wonderfiil extent, but with- own national taste and modes of design. It is probable, 
out losing its original and distinctive features. The .ex- nevertheless, that both the architects and the artists, natives 
ample of the temple of Vesta at Tivoli differs from that of Rome, qualified their own less elegant productions by 
of the temple of Jupiter Stator in Rome, as much as reference to Greek models ; but that the Romans derived 
the latter does from the ordinance of tlie choragic monu- their architecture entirely from the Greeks, may certainly 
ment of Lysicrates at Athens ; and all three are among the be disputed. 

most beautiful examples of the Corinthian order in exist- Half the extent and magnificence of the architectural 
ence — if indeed they are not pre-eminently so— 4md yet works of the Romans is attnbutable to their knowledge and 
they do not possess a single proportion in common. It use of the arch, which enabled them, as we have siready 
must be confessed, moreover, that if the Romans had not intimated, to make small parallelopipedons of burnt earth 
good taste enough to admire the Doric and Ionic models more extensively applicable to useful purposes than any 
of Greece, they had too much to be fond of their own, for other material could be, from the greater cost of provid- 
they seldom used them. Both at home and abroad, in all ing and preparing it ; whereas bricx can, in almost every 
their conquests and colonies, wherever they built, they place, be made on the spot in which it is wanted. There 
employed the Corinthian order. Corinthian edifices were is a very false notion abroad as to the richness of the ma- 
raised in Iberia and in Gaul, in Istria and in Greece, in terials used for building in Rome, induced by the inflated 
Syria and in Egypt ; and to the present day Nismes,^ Pola, accounts of travellers and poets, who attempt to disguise 
Athens, Palmyra, and the banks of the Nile, alike attest their ignorance, while they display it by filling Rome 
the fondness of the Romans for that peculiar style. We with what it never contained — ^marble temples, |)alaces, 
cannot agree with the generally received opinion, that and baths. The truth is, that Rome was built, not of 
Greek architects were employed by the Romans after the marble, nor even of stone, but of brick ; for in compari- 
connection between the two countries took place ; for the son to the quantity of brick, it may be safely asserted that 
difference between the Greek and Roman styles of archi- there is more stone in London than there was in imperial 
tecture is not merely in the preference given to one over Rome. Almost all the structures of the Romans indeed 
another peculiar mode of columnar arrangement and com- were of brick — ^their aqueducts, their palaces, their villas, 
position, but a different taste pervades even the details : their baths, and their temples. Of the present remains, it 
though the mouldings are the same, they differ more in is only a few columns and their entablatures that are of 
spirit and character than do those of Greece and Egypt, marble or granite, and two or three buildings of Traver* 
which certainly would not have been the case if Roman tine stone ; — all the rest are brick. The Q>]osseum, the 
architecture had been the work of Greek architects. In- Mausoleum of Adrian, the Tunnel Sewer, die Temple of 
deed, were it not for historical evidence, which cannot Manly Fortune, and the ancient bridges on the Tiber, are 
absolutely be refuted, an examination and comparison of of Travertine stone ; the remaining columns of the more 
tho architectural monuments of the two countries would splendid temples, the internal columns and their accessories 
lead an architect to the conclusion, that the Corinthian of the Pantheon, the exterior of the imperial arches, and 
order had its origin in Italy, and that the almost solitary the cenotaphial columns of Trajan and of Antonine, are 
perfect example of it in Greece was the result of an acci- of marble: but the Imperial Mount of tlie Palatine, which 
dentalcommunicationwiththatcountry,modified by Greek holds the ruins of the Palace of the Caesars, is but one 
taste ; or that the foliated style was common to both, with- mass of brick ; the Pantheon, except its portico and in- 
out either being indebted to the other for it. The Ro- ternal columns, &&, is of brick ; Uie Temples of Peace, of 
mans conouered Egypt as well as Greece, but we do not Venus and Rome, and of Minerva Medica, are of brick; 
find that they adopted any of the peculiarities of Egyptian and so, for the most part, were the walls of others, thoueh 
architecture. They carried away indeed the obelisks and they may have been faced with marble or freestone. The 
many of the sculptures of E^ypt, as trophies of their con- Baths of Titus, of Caracalla, and of Diodetian, are of 
quests or as ornaments of their city ; but they neither made brick ; the city walls are of brick ; so are the extensive 
obelisks nor constructed temples to Egyptian divinities in remains of tlie splendid villa of Adrian, and those of 

' Bordeaux rfti. A century and a half ago there existed at Bordeaux very conndenible remains of a most interesting Roman 
edifice, of wliich no authentic record is preserved but a tli^t sketcli by Perrault, the architect of the great front of the Louvre, who 
delineated it a few years before its destruction by the govemment, and who termed it one of the most magnificent and most entire of 
the Roman monuments then remaining in France. The editor of the new edition of Stuart*s Athens, spniking of this, says, ** on this 
occasion the reflection presents itself, that while the Turks are reprobated for appropriating the columns of ancient Athens, in their 
haste to raise a wall to defend their town from the predatory Albanians, here, in the vaunled age of Louis XIV. (in his kingdom 
and under his government, may be added) the finest production of ancient architecture in France was more recklessly demolished to 
make place for the fortifications of fiordeaux, deliberately constructed by Vauban ; and no architect, either of the city or governments 
has preserved for posterity the details of so noble a monument** (AntiquUiest^ Athem^ new edition, voL liL p. 120.) 
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History, the yilla of Mectenas at Tivoli ; the palaces of the Roman that has been supposed, yet they were extremely luxurious History 

^^"""■"^ emperors and patricians at Baiie and in other parts of in the use of costly stones. Marbles of every variety, ^»— ^/'•- 

Italy ; and so, it may be said, are the remains of Hercu- and from all parts, were used in Rome ; and columns were 

laneum and Pompeii, for the houses in those cities are made of Egyptian and other granites, and of porphyry. In 

generally built of alternate double courses of brick, and Greece, and the Grecian colonies which were conquered 

courses of stone or lava. In most cases, at Rome and in by Rome, the edifices of the Romans might be distin- 

the provinces, stucco formed the surface which received guished by the foreign marbles used in them, if the style 

the decorations. From tlie above enumeration, it will ap- of their execution were not sufficient otherwise to deter 

pear how much more variously the Romans built than any mine them. 

of their predecessors in civilization did. In Egypt we find no The mingling of columnar and arcaded arrangements in 

indicationsofedificesof real utility or convenience, nothing the same composition appears to have been the srand 

but temples and tombs, — and in Greece there is but a small cause of the deterioration of Roman architecture. It oc- 

addition to this list ; but in Rome are found specimens of casioned unequal and inordinately distended intercolum- 

almost every variety of structure that men in civilized niations and broken entablatures : these a vitiated taste 

communities require. Much of this also may be attributed repeated, where the necessity that had first occasioned 

to the knowledge they possessed of the properties of the them did not exist ; and harmony and simplicity being 

arch, which may be considered among the most admirable thus destroyed, the practice went on detenoradng unw 

and useful discoveries ever made in the practical applica- it was made to produce such monstrous combinations 

tions of mechanical science. It entered into the composi- as the Palace of Diocletian at Spalatro, and the Temple 

don of every structure, and made the rudest and cheapest of Pallas, or ruins of the Forum of Nerva in Rome, pre- 

material of more real value than the most costly. It not sent It was indeed a fall from the mndeur, harmony, 

only superseded the use of long stone beams, but was and noble simplicity of the interior of the Pantheon in 

constantly used in places where indeed joists of wood its pristine state, to the hall or xystum of the baUis of 

would have been much more convenient, giving support Diocletian, which now exists as the church of Santa 

to the opinion that even the Romans were not skilled in Maria degli Angeli, with its straggling columns and bro- 

the application of timber to their edifices ; though, on the ken and imperfect entablature ; or from the temple of Ju- 

c'ontrary, it is difficult to understand how Rome could piter Stator to that of Concord or tlie arch of Septimius 

become subject to such a dreadful conflagration as that Severus. 

which occurred in the reign of Nero, if timber had not Architecture as a fine art was already extinct among the 
been employed in the ordinary houses of the city to a Romans when the seat of empire was transferred to Con- 
much greater extent than would appear from existing re- stantinoplc ; so that, however great were the extent and 
mains. The domestic structures of Herculaneum and Pom- splendour of the edifices, we cannot suppose them to have 
peii were evidently never very susceptible of fire, from the possessed any of those qualities which give to the Parthenon 
small quantity of timber required m their construction ; at Athens, and to the interior of the Pantlieon at Rome, the 
and discoveries which are made fit»m time to time, of por- charm they possess ; unless the Greeks had recourse to the 
tions of the ordinary houses of ancient Rome, under the monuments of their own country, and used them as founts 
pavements of the modern city, evince that they were very from which to draw matter for the composition of the edi- 
similar to them in almost every particular. The mfrequency fices of their new capital. This, indeed, is possible, for 
of stairs, and the meanness of those which exist leading to there appears to have been, even in Rome, at and after 
upper apartments in the houses of those cities, induce the the time of Constantine, a recurrence to the ancient sim- 
belief that the Romans seldom built above the ground story, plicity, though, truly, without any of that beauty and 
and that their skill in carpentry was not very great ; other- elegance of form in the details, and of proportion m the 
wise they would more frequently have had recourse to so general arrangement, which constitute half the merit of 
easy and convenient a mode of extending room as upper works of architecture. The change of religion which 
stories offer. There are, however, other things which tend took place under Constantine led to the destruction or 
to prove that carpentry was well understood by the Ro- destitution of many of the noblest structures in Rome, 
mans ; and the most remarkable is the bridge that Trajan The ancient Christian basilicas are for the most part con- 
built over the Danube, the piers of which are said by Dion structed of the ruins of the more ancient Pagan temples, 
Cassius to have been 150 feet high and 170 feet apart, baths, and mausoleums; and in them a much greater degree 
Now, whether the bridge itself consisted of a wooden plat- of simplicity, and consequent beauty, pervades the colum- 
ibrm, as there is much reason to believe, or was of stone nar arrangements than existed perhaps in some of the 
arches, as the historian intimates, the skill which con- previous combinations of the same materials. Frequently, 
structed centring for the latter, or laid the platform from nowever, the collocation of various parts was most unapt ; 
pier to pier in the former case, of that immense extent, and gross inconsistencies were recurred to, to get rid of 
was amazing ; nevertheless, such skill in carpentry is not the difficulty of combining discordant fragments. Some- 
evinced bv the remains of the civic and domestic struc- times it was necessary to make up with new, what was 
tures of the Romans, in which arching in all its varieties wanting of old materials, whose forms were rudely imi- 
was used where carpentry would have been better. Of tated. 

their joinery we know nothing ; but it does not appear. In those countries which received the Christian re-G<thic 

from the last-quoted mode of ascertaining such things, to ligion from Rome, but which did not contain mines of or Pinntci 

have been much practised by them — mosaic pavements architectural material in temples, amphitheatres, and pa-^^^hitei* 

supplying the place of flooring, and stucco that of wain* laces, as Italy did, and indeed in the other parts of Italy ^^^^' 

scoting : the luxury of windows being unknown, tiieir itself which did not contain them as Rome did, churches 

fittings were not required ; and doors, it would appear, were constructed in imitation of those of the metropolis 

were uncommon, except externally — the internal aoor- of the Christian world. These, being the work of a semi- 

wa>s being most probably covered with something equi- barbarous and unpolished people, were of necessity rude 

valent to the quilted leather mats suspended from the and clumsy. Hence arose the Gothic architecture of the 

lintel, which are used instead of swinging doors at the middle ages, and not from any previously existing style 

entrances of the churches in Italy at the present time, of architecture among the northern nations who overran 

Although the Romans did not use marble to the extent Italy and subverted the Roman power. The rude Celtic 
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HiBtoiT. monuments were the only tpechnenfl of architecture they a certain period, to which they can all reach. Now, if it Ilistnr? 
possessed, and the performance of their unhallowed rites had been invented in any of the European nations, that ^"^^ 
appears to have been long transferred even from them to one would certainly have been able to show specimens of 
the groves, or it may be that the stone circles and temples it oi a date considerably anterior to 9om€ of the others ; 
themselves were called groves. This, however, is of but for though it might by chance have been soon communi- 
littte consequence to our purpose. The fact is indisput- cated to any one of tnem, the improbability is great that 
able, that nothing existed among those nations that could it would immediately have reached them all, and have been 
have given rise to the rude style of architecture referred at once adopted by all, to the subversion of their previously 
to, which was indeed introduced to them by the Christian practised forms of construction. The Infiequent and im* 
religion in the manner we have stated. It will be found perfect modes of communication between the different 
in what are called the Saxon and Norman styles of this countries of Europe at the period referred to, furnish an- 
country, and to a greater or less extent in all the coun- other reason why it is not probable that a discovery of 
tries of Europe in which the Romans had been masters, the kind should travel rapidly from one to another. Con- 
and particularly in those which adhered to the Roman sidering these thin^ and particularly the fact of Uie d- 
oommunion in the great division of the churches. The most simultaneous mtroduction of the pointed arch to the 
general forms and modes of arrangement peculiar to Ro- various nations of Europe, as it appears by their monu- 
man architecture may be traced throughout ; in some ments immediately after the first crusade, m which they 
specimens they are more, and in others less obvious, but all bore a part, connected with exbting evidence that it 
tne leading features are the same. This is more evident was commonly used in the East at and anterior to that 
in Italy than elsewhere. In the early Roman basilicas and period, it seems to be the most rational theory, that a 
churches, some of which are of the Constantinian age, and knowledge of it was acquired by the crusaders in the 
fdiich were constructed with the matter and in the man- Holy Land, and brought nome to their respective coun- 
ner related, the first divergencies occur ; in those which tries by them. This, indeed, is the opinion of many of 
are later they are still greater, and distance of time and those who have written on the subject ; and without con- 
place appears still to have increased them, till what may tending that the evidence in its Setvour is quite conclu- 
be called a new style was formed, having peculiarities of sive, we think it more satisfactory than any other. In 
its ovm, but yet more clearly deducible from its origin Europe there are found rude approaches to the pointed 
than Roman is from Greek or Greek from Egyptian. As form in some of the earlier Gothic structures ; out we 
might be expected, this style was not the same in all the believe it may be safely asserted, that nothing can be 
countries which practised it ; it was derived, in them all, indicated of a date beyond that of the first crusade, ap- 
from the same source as we have shown, but was mate- preaching the simple but perfect lancet arch, which, it 
rially influenced by the habits, manners, and state of civi- is not denied, came into use immediately after that pe- 
lization in idiich Uie various nations were, and much too riod ; whereas tolerisbly well authenticated examples or 
by their means of communication with Rome. This, with it are found in the East, of sufficient antiquity to in<- 
strict propriety, may be called Gothic architecture, as it duce the opinion tliat it was at that time imported from 
was partly induced by the Gothic invasions of Italy, and thence. It is, moreover, indisputable that the Saracenic 
was most generally practised by the nations to whom that or Mahometan nations do use, and have used, the point- 
term may with equal propriety be applied. It arose in ed arch ; but they were never known to adopt any £u- 
the fourth century, and was subverted in the twelfth by ropean custom or invention of any kind till very lately 
the invention or introduction of the pointed arch, which How then can they be supposed to have availed them- 
marks a new era, and was destined to give birth to a new selves so. readily as they must have done, if it be of £u- 
style in architecture. Where, vdien, and witli whom the ropean origin, of so unlikely a thing to attract a Mos- 
pointed form originated, hari been more discussed and dis- lem's attention, as the peculiar form and structure of an 
puted than the discovery of the properties of the arch it- arch ? and when and where in Europe had they an oppor- 
self. Some have contended that it was suggested by the tunity of contemplating it until long after it is known to 
intersections of semicircuUur archei^ as they were employ- have been in common use among them? Widi what na- 
ed in ornamenting the fronts of edifices in the preceding tion of the East, and in what manner, the pointed arch oii* 
style; some, that groined arches of the same form gave ginated, are points equally difficult to solve. We have 
the idea; others have referred it to the interlacing of the not been able to discover that llie properties of the arch 
branches of trees when planted in parallel rows, — to an were known to the Egyptians or to the Greeks, and there 
imitation of * wicker«work,— to a figure used on conventual is no evidence to show that they were known to the Per- 
seals, — ^to the principle of the pyramid, — ^to Noah's Ark, sians or to the Indians of ancient times; but structures are 
— ^to chance. Its invention has been accorded to almost found in the countries of those nations in which chambers 
every nation, civilized and uncivilized It has been claim- are domed, and apertures headed in &e form of a pointed 
ed by Germans for Germany, by l*renchmen for France, arch, produced, however, by gathering or corbelling over, 
by Scotsmen for Scotland, and by Englishmen for Eng- and not by arched structure. It is not improbable, theie- 
land. Italians have not directly laid claim to the honour fbre, that such things being before the eyes of men, when 
for themselves, but it has been given them by others, the properties of the arch became known that form would be 
Such a mass of conflicting opinions, almost all supported repeated i^wn it, and the result would be the lancet arch, — 
by some show of reason, and more or less by evidence, the prototj^, the germ of the style. The pointed arch, on 
may be called a proof of the impossibility of determining its introduction into Europe, does not appear to have ^n 
the question, and therefore we shall not attempt it. There accompanied by its ordinary accessories in after-time ; itM 
is one striking fact, however, which has been too much light clustered pillara-^ts mullions, foliations or feadierings, 
overlooked by many of the theoristo in the discussion of and gracefiil tracery — these resulted from iu adoption: wi 
the question ; it is, that the pointed arch made its appear- that whether the arrJi itself was invented in Europe, or im- 
ance almost at the same moment of time in all the civi- ported fivm the East, to the European nations must be as- 
lized countries of Europe. This is proved by the contro- signed the credit o^ aiudng the bcautii\il Jtyle of architeo- 
versies of those who, more patriotically than philosophi- ture whose distinguishing &auro it is. 
cally, claim its invention for their respective nations ; for It may be doubted whether Venice was not the parent 
none of them can produce genuine specimens of it before of the style, f<w very early specimens of the pointediirrb 



ARCHITECTURE. 19 

Ill5toi7^ arc certainly found there, in private houses as well as in it Italian, others German, others Norman or French^ Biator/. 
the basilica of St Mark. In the former they are gene- others British, and many hare contended for the exclu- 
rally of the ogee or contrasted form, in windows formed by sive term English ; and to this last the Socie^ of Anti- 
columns or muUions, with, in certain places, approaches to ouaries lent its influence, but with equal inefficiency, for 
foliations and tracery ; and in the basilica the lancet arch tne term Gothic still prevails. Mr Britton, Uian whom 
is not uncommon, llie commercial connection of that city perhaps no man possesses a greater right to affix an appel- 
with the eastern nations may easily account for its presence tation to the pointed-arch style, from the splendid services 
there, even before the first crusade ; and Venice is known he has done it in the publication of his Cathedral and Ar- 
to have been one of the thoroughfares from the other chitectural Antiouities, wishes to introduce a term which 
parts of Europe to the Holy Luid. But the peculiar is not at all unlikely to succeed, as it is equally appro- 
mode of arrangement in the Venetian style does not ap- priate and independent of national feeling and hypothetic 
pear to have been adopted north of the Alps ; so that, origin. He calls it Christian architecture. This, as a 
iiowever original it may be, it can hardly be considered generic term, would admit each nation possessing speci- 
the progenitrix of the school, or the model on which it was mens of it to distin^ish its own species or style ; and as 
formed. the varieties of Hellenic architecture are loiown by the 
Before proceeding further with this subject, it is neces- names of the tribes or nations who are presumed to have 
sary to determme by what name to call the style whose originated them — Dorian, Ionian, and Connthian — so might 
progress we have yet to contemplate. There would be Christian architecture be English or British, German, 
no greater pn^riety in calling it Saracenic because its dis- French, &c for each has its peculiarities. These species 
tinctive feature originated in the East, even if that point would again individually admit of classification, according 
were conceded, thui in calling all architectural combina- to the changes each underwent in the course of its career, 
tions which derive their character from the use of co- One strong objection, however, in our view of the case, 
lumns in them by the name of the nation in whose works lies to Mr Britton's distinctive appellation. It is, that 
we find columns first used, and firom whom the idea of " Christian" applies as well, if not better, to the real 
them may have been acquired. Neither can it with any Gothic style— -that which arose on the extinction of Roman 
degree of fitness be called Gothic: that term, we have architecture, and was subverted by the introduction of 
seen, applies to the style that preceded it, and was first the pointed arch, and which, indeed, owed its diffusion 
given to the pointed-arch style opprobriously,^ during the and progress, if not its origin, to the Christian religion, 
offuscation of good taste that succeeded its subversion. We are therefore still left to seek an appellation ; and, in 
In Italy it had never taken root, as in the countries north the absence of a better, will use the term Pointed, which 
of the Alps — the ancient Roman monuments having con- is not only distinctive, but descriptive ; and it has, too, the 
tinned to influence the national architecture, it would ap- merit of being general, so that it may mark the genus,' 



pear, throughout the middle ages ; for the ecclesiastical while the national species and their varieties may be 
structures of that country, though rude, were never so tinguished by theu* peculiarities as before, 
rude as they were in other places, and a better style had The Pointed Arch was a graft on the Grothic architec- 
so far formed itself bdfore tne introduction of the pointed ture of northern Europe, as the circular arch of the Ro- 
arch^ that it was hardly received there. Indeed, wnatever mans had been on the columnar ordinances of the Greeks ; 
edifices oi merit Italy possesses in its manner, are, with but with a widely different result. The amalgamation in 
hardly an exception, by German architects, few Italians the latter case destroyed the beauty of both the stock 
havinff ever qualified themselves to practise it. When, and the scion ; while in the former the stock lent itself to 
therelore, what has been called ** the revival of architec- the modifying influence of its parasitical nursling, gradu- 
ture" took i>lace in the fifteenth century, under Brunei- ally gave up its heavy, dull, and cheerless forms, and was 
lescht and his successors, the rude structures of their own eventually lost in its beautiful ofi^M)ring, as the unlovely 
country, the precursors and contemporaries of our Saxon caterpiilaa* is in the gay and graceful butterfly^ ^ 
and Norman edifices, were called Gothic ; but the style We have seen that ardiitecture had its origin in reli- 
ef which the pointed arch is the characteristic feature, gious feelings and observances — ^that its noblest monu- 
was always distinguished as the German manner, Mamera ments among the pagan nations of antiquity were temples 
Tedesea. The disgrace of applying the opprobrious term to the divinity — that the rude nations of the north in the 
Gothic to it yttm*h^ itself to an Engliahman, % Henry middle ages devoted their energies, after their conversioB 
Wotton. It was continued by Evelyn, who applied it to Christianity, to the construction of edifices for the 
more directly ; and the authority of Sir Christopher Wren worship of the Almighty ; and we find, again, that the 
finally settled its application. Its injustice is, however, most extensive and most splendid structures raised by the 
rendered very obvious, by comparing the firont of Pisa same people, when the light of learning had begun to 
P)^^ Cathedral, the best example, perhaps, of Gothic^ or merely shine upcm them, and a new and more beautiful style of 
XXr. deteriorated Roman architecture, with that of Yofk Minster, architecture was introduced, were dedicated to the same 
which holds an almost equal rank in the style of which it is purpose. In addition, however, many, hardly less mag^ 
an exemplar. The presence of the pointed ardi, on the nificent, and not less beautiful, were raised for the pur- 
singular oriental-looking cupola' of the former, shows it to be poses of education, and became the nurseries of science 
one of the latest edifice? in its style, overtaken by that be- and literature. Kings and nobles also employed architec- 
fore it was completely fiiushed. Within the present century ture in the composition, arrangement, and decoration of 
a better taste has been formed, in tliis country particu* their palaces and castles ; but still, for domestic purposes, 
kirly, and has led to the appreciation of that, which is, in^ its aid was hardly required beyond the carving grotesque 
deed* our national style ; and within that period many ornaments on the wooden fronts of iiouses in towns. 
Attempts have been made to explode the universally-de- When the practice of building houses in stories com* 
cried, unjust, and totally irrelevant appellation, but with- menced cannot be correctly ascertained ; but it appears to 
out effect. Sir Christopher Wren himself attempted to have arisen during the middle ages. We frequently, in- 
change it to Saracenic, believing that not merely the archy deed, find an apparent equivalent for the term stortf used 
but the style generally, was borrowed from the Saracens by the ancient writers, both sacred and profane ; but it 
It w IS, however, too utte — he had already used the other, must have reference to something else — some peculiarity 
Or Stukely wished to call it Arabian. Some writers called of whicli we are not aware : for none of the ancient re - 

1 See alfo ** Stylen,'' Ghumy, 
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H«iitot7. mains, whether ot public or private structures, give rea* Pointed architecture took root and ^ew wiili ihe gre^t History, 
son to believe that it was a common practice even among est vigour in Germany and Great Britain, and in tliose 
the Romans : much less was it likely to be so among the provinces, principally, of France which were connected 
eastern nations, with whom the practice is not very gene- with England ; but in this country its course is the most 
rat, nor is it carried to great extent even at the present marked, and its advances are the most easily traceable, 
day. Indeed, without considerable proficiency in the art We find in various portions of the same edifice, according 
of construction, it is hardly practicable to build in stories to the period of its construction, exemplifications of the 
with such slight materials as were used by the Romans in style, from the ingrafting of the simple lancet arch on the 
their domestic edifices ; and their remains do not evince Norman or Gothic piers in the time of Henry II. to the 
the requisite degree of proficiency. We find, however, highly enriched groinings and ramified traceries of the 
in the oldest existing works of the middle ages, and par- age of Henry VII.; but the chants are so gradual, and 
cicidarly in some of the secular structures of Venice which are so finely blended, that the one m advance appears natu- 
are among them, a degree of intelligence evinced in that rally to result from that which comes before it. Whether 
respect far surpassing any thmg^in Uiose of the ancients, the nations of the Continent, then, borrowed from us, or 
Possibly the sxill was principally acquired m that city were themselves originators, it is very clear that we did 
from the necessity of making artificial foundations, which not borrow ; for our structures bear the strongest pos- 
consequently required a superstructure not unnecessarily sible marks of originality, as the advances can be traced 
cumbrous ; and again, to make slight walls sufficiently from one thing to another on them; and such is not so com- 
strone, they must oe skilfully bonded in themselves, and pletely the case with theirs. Moreover, the latest manner, 
bound together, which could only be done by means of a and certainly not the least beautiful, the Corinthian order 
material possessing considerable length and great fibrous of Pointed architecture, is almost peculiar to this country, 
tenacity — ^whence firamed floors of timber. These, by Neither Germany nor France can produce edifices in the 
their strength, their obvious utUitjr and convenience, add- stvle of St George's Chanel at Windsor, King*s College 
ed to the want of space which existed in a thriving and Chapel at Cambridge, ana Henry VII.'s Chapel at West- 
populous community on a very restricted spot of dry minster. The structures of Scotland in the Pointed style 
land, superinduced, in the second place, the building of so much resemble those of England, that they must be 
additional stories, which would soon be imitated in other considered of the same school ; Roslin Chapel is one of 
pUces. But in what manner soever the improvement the few specimens which indicate a connection with the 
took place, the fact is certain that the acquisition was Continent. Ireland contains but few examples in any 
made; and we find it applied in all the works of the Euro- degree of perfection, and they are, of course, of the Eng- 
(lean nations, both ecclesiastical and civil, from the ninth lish school. The German scnool was next in merit to the 
and tenth centuries downwards. The combination of English in the practice of Pointed architecture. In the 
masonry and carpentry in building tended greatlj^ to the extent and magnificence of its attempts, perhaps, that 
advancement of both ; for, it being required at times to country excelled ; but few of the great structures in Ger- 
make them act independently of each other, additional many were ever completed. In regularity, however, they 
science and art were necessary, as the proportions must have generally an advantage over Uiose of England, being 
be retained that were given to similar works in which they mostly in the same manner throughout, as far as they 
co-operated. Hence the wondrous skill evinced in the were carried ; whereas few of the mater edifices of this 
vaulted roofs and ceilings, in the towers and lofty spires, country were begun and completed without considerable 
of some of our Pointed cathedrals for the one, and the variations in the style. But the Germans were never so 
splendid piece of construction in the roof of Westminster successfid in the splendour and beauty of their interiors as 
Hall for the other. To this point Sir William Chambers, the English ; indeed in that particular our Pointed struc- 
who was no depreciator of the merits of the Romans in tures are strikingly superior to every other : nor is their 
architecture, says, '' In the constructive part of architec- ornament ^nerally so effective as ours. The Flemish 
ture the ancients do not seem to have been great profi- style of Pointed architecture is hardly a variety of the 
cients :"^ then having referred many of what he calls the German, but may be classed with it through the whole 
^' deformities observable in Grecian buildings'* to want of course of its history. Italy, we have said, possesses but 
skill in construction, he continues, *^ neither were the Ro- few structures in the Pointed style, and they are for the 
mans much more skilful ; the precepts of Vitruvius and most part the work of German architects, which their 
Pliny on that subject are imperfect, sometimes erroneous, appearance indeed bespeaks. Milan cathedral, or ** the 
and the strength or duration of their structures is more Duomo," as it is called, u the most renowned edifice in 
owing to the quantity and goodness of their materials the style that Italy contains ; but it has few beauties ii: 
than to any great art in putting them together. It is not, the eyes of those who are accustomed to the models of 
therefore, from any of the ancient works that much infor- Grreat Britain, France, and Grermany. The Patriarchal 
mation can be obtained in that branch of the art. To Church of St Mark at Venice is a genus j^ se. It 
those usually called Gothic architects we are indebted for was constructed by a Constantinopolitan architect in the 
the first considerable improvement in construction. There ninth or tenth century, and maj^ be a specimen of the ar- 
is a lightness in their works, an art and boldness of execu- chitecture of the Byzantinc^capital at that time. The few 
tion, to which the ancients never arrived, and which the examples in Sicily of the pointed arch may be attributed 
modems comprehend and imitate with difficulty. Eng* to the Norman conquerors of that island ; and so indeed 
land contains many magnificent specimens of this species may most of those which are found in the continental 
of architecture, equally admirable for the art with which part of the same kingdom. Although France contains 
they are built, Uie taste and ingenuity with which they are many fine specimens of Pointed architecture, it can hardly 
composed." To this Mr Gwilt, in his new edition of Sir be considered indigenous to Uiat country. On Uie Ger- 
William's work, adds in a note, " there is more constnic* man frontier they resemble the German style; and in the 
tive skill shown in Salisbury, and others of our cathedrals, provinces which were formerly connected with England 
than in all the works of the ancients put together.** they are different^ and more like the English styles : cer- 
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HUtory. xsan it 18, that after their connection with this country for the guidance ol* the traveller and the distant pariMh- nutory 
^•^^^/'^^ was broken off, its practice fell into disuse, and nothing ioner ; and adduces as evidence, the fact, that in the hillv \^^ 
of consequence in it was posteriorly produced in any of parts of England spires are hardly to be found except in 
them. This fact is an argument against the presumption modem churches. The old village church on a hill has a 
tliat England was indebted to Normandy and Norman plain square tower, merely consisting of about two cubes, 
architecto for its improvements in Pointed architecture ; which can be seen at the greatest distance the nature of 
it tends rather to prove the opposite. It must be con- the country will allow any object to be distinguished ; 
fessed, moreover, that there is an air of cumbrous mas- whereas in the level parts of the countiy, where a low 
Mveness in the Pointed style of Normandy which renders tower would be lost amidst the foliage of its own church- 
it peculiar, and perhaps marks its more close relationship yard, and be completely indistinguishable at a very short 
with the earlier Norman Gothic Like the German distance, spires are their almost invariable accompani- 
examplei, too, those of France are generally inferior in in- ment. It may be added, that the tapering spire is almost 
temal richness and beauty to those of England. Pointed unknown in Italy, and in France it is frequent only in 
architecture in Spain never acquired that degree of con- Normandy ; but in no part of the Continent is it so com- 
sistency and elegance which might justify us in speaking mon as it is in this country. 

of the Spanish specimens of it as forming a style, llie We hare already given our reasons for thinkmg that 
edifices m Spain of the ages of Pointed architecture are the pointed arch originated in the East ; but whether it did 
more in accordance with the Moorish than with the Euro- or did not, it has been very extensively used in various 
I>ean manner, and may perhaps be more correctly con- parts of Asia, and nowhere in more sumptuous edifices, 
sidered as an off-shoot of the former than of the latter, or to such effect, as by the Mohammedan conquerors of 
Though not in the Pointed style, the Moorish or Saracenic India in various parts of that country. 

structures in Spain may be referred to here. They are Tlie opening of the Italian school of architecture on Italian 
in a very peculiar manner, which, it would appear, their the resuscitated dogmas of Vitruvius was the signal for tchool of 
authors brought with them from the East. Probably it the extinction of that of the beautiful Pointed style* For- ^^chitec- 
grew out of some of the earlier styles of architecture, as tunately, however, its effects were a full century in reach- *"'^' 
the Gothic and Pointed did out of the Roman, and was not ing this country, and during that period many of our 
the result of design. The really distinctive feature of the most elegant structures came into oeing ; and many of 
Saracenic style is the horse-shoe arch, which is the greater those of earlier date which had been commenced beu>re, 
segment of an ellipsis, nearly, on a conjugate chord. The or during the wars of the Roses, and left unfinished, were 
oolumna from which the arches are sprung are slender, completed. The first indication we have of the pre- 
4ua the superincumbent masses are broad and heavy, sence of the Cinquecentigty the real Goth, is in the tomb 
giving an air of the intermingling of Chinese and Egyp- of Henry VII., which was executed by Torregiano, an 
tian, DOth of which this style may be said to assimilate. Italian artist, who, it would appear, was obliged to have 
The enrichments of Saracenic architecture are very much some respect to the style of the edifice in which his work 
confined to flat surfaces, the walls being sculptured all was to rest ; but his preconceived ideas of propriety and 
over with monotonous ornaments, which produce an effect beauty were too strong to allow him to omit the cha- 
very similar to that produced by the hieroglyphics on the racteristics of his school, and the result is a strange mix- 
flat surfaces of the Egyptian temples, and possibly were ture of both. From that time the Pointed style was 
derived from them. The most distinguished monument rapidly deteriorated, being overborne by the devices of 
of this style in Spain is the Alhamra at Granada. The Italy. On the Continent the latter were already predo- 
most distinguished specimen of Pointed architecture in minant, for during tlie whole of the fifleenth century the 
Portugal is the church of the convent of Batalha, which current had been setting from Italy over every part of 
was constructed by an Irish architect, who appears to Europe which received its religion from Rome ; and tliis 
have modified the style of his own country (the English), country was only the last to be overwhelmed by it. Be- 
by the manner of the country itself^ which is nearly that fore quitting the part of the subject having reference to 
of Spain. our national style of architecture, it may be well to con- 

What the expansive dome is to Roman architecture, the trovert the absurd but too prevalent idea, that we are in- 
graceful spire b to Pointed. Bell-towers appear to have debted to foreigners, and particularly Italians, for Uie ex- 
been added to Christian churches at a very early period ; cellence of our ancient works. After what has been al- 
but it is much to be doubted whether the pyramioal pin- ready said, perhaps it may be unnecessary to do so here, 
nade or spire was ever used before the introduction of seeing that we have described our specimens of the Point- 
the pointed arch, though one or two doubtful examples ed style as being not only fully equal in composition, con- 
exist These, certainly the earliest specimens of it, are struction, and execution to those of any other country, 
simple cones, whose vertical bisection would be nearly an but as being absolutely in a different manner, having 
equilateral triangle : the angle at the apex was gradually peculiarities which no other nation has ever eaualled in 
made lets, and as it diminished the altitude was increased, beauty and elegance. But, to put the case in a clear point 
till at length resulted an object even more beautiful than of view : If foreigners were employed to design ana ex- 
an Egyptian dselisk, which would of itself indeed be a ecute for us, it is not less strange that they should sur- 
aufScient warranty for the appellation we have given to the pass their own works at home, than that they should make 
style that it crowns. The spire was at first round, solid, inventions and improvements for us (or let them be call- 
and onomamented ; it then became polygonal, and finally ed mere variations) which were not m turn executed in 
octagonal, though there are examples of square spires, their own countries. We know very well that works of 
They are sometimes plainly ribbed, sometimes crocketed, architecture and sculpture which have been executed by 
and in some instances pierced; and in the finer examples are forei^ers in this country, since the explosion of Pointed 
almost invariably surmounted by a rich finial in the style of architecture, are in the style of Italy Or France, and not 
ornament peculiar to the time of its execution. In some according to the manner prevalent m this country at the 
cases the whole structure is a pyramis or spire, but most time of Uieir execution. Moreover, for one whole cen- 
roromonlyUie spire rests on a rectangular and upright tower, tury this nation alone adhered to the Pointed style, dur- 
The Rev. W L. Bowles has sugg^ted that tne spire was ing which works were produced, thit, for originality, exu- 
ot firat built or the bell-tower as a beacon or land-mark berance of fancy, and beauty, spirit, and excellenct ot ex- 
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History, ccation, have been seKloin equalled and never surpassed ; feet tliis? Did they examine and study the remains i>f Htxtory. 

^^«^/-^^ while all the architects, artists and workmen of the Con- antiquity in Greece and Rome> in Italy and elsewhere ? V«^ /-^ 
ttnent were rendered totally unable to assist us by the No I they referred to the writings of an obscure Latin 
change which had taken place in their practice. If this author, who professed to give the principles and practice 
required proof, it is proved in the case of Torregiano of architecture among the Greeks and Romans, but paid 
just referred to, who sculptured Henry VIL's tomb, and no more attention to the existing architectural works of 
in that of Hans Holbein, who designed architectural works those nations than if tliey had never been, although one 
for us in the classical manner ; and if the Torregianos could hardly walk the streets of any of the old cities in 
and Holbeins had been employed during the 15th century, the south of Italy witiiout seeing Roman edifices, whilst 
would they not have done the same ? Home and its vicinity w as, as it still is, full of them. All 
If the architecture of Italy never fell away so much the use, however, Uiat these self-called ** restorers*' of 
from the more classic style of Imperial Rome as that of architecture made of the works of the ancients, was to use 
the northern nations did, neither did the Italian ; ever them as lay-figures, or frame-work, to model on, according 
possess that more than equivalent, whose splendid course to the proportions and directions given by Vitruvius ; and 
we have last noticed. Whilst the Pointed style was al- the effect was formality and mannerism m those who ad- 
most exclusively known and practised in Germany, France, hered to the dogmas of'^the school, and wild grotesqueness 
and the British Islands, the Italians were gradually im- in those who allowed themselves to wander from them, 
proving on their Gothic style ; yet the improvement was whilst simplicity, and its consequence good taste, were 
more evinced in their secular than in their ecclesiastical effectually banished from the works of them all. 
structures. Florence, Bologna, Ferrara, Venice, and many It will be necessary here, perhaps, before we advance 
other cities of Italy, contain palaces and mansions of the further in our remarks on the Italian school, to disabuse 
twelfth, thirteenth, and fourteenth centuries, which for the public mind as to the merit of the works of Vitruvius, 
simplicity and classical beauty far excel most of those in whose anilities have so long passed for authorities, that a 
the same and other places of the three subsecutive cen- writer would be suspected of prejudice who spoke of them 
turies. The contemporary churches, however, do not ex- slightingly without adducing reason and evidence to prove 
hibit the same degree of improvement, forming, as it were, them vuueless ; except, indeed, as records of the architec- 
an anomaly in the history of architecture ; a change in it tural practice, and the opinions and acquirements of an ar- 
being first developed in secular structures, and then ap- chitect of a distant age. It is of very little consequence 
plied to those devoted to the worship of the divinity ; for that Vitruvius is on)y known by his own writings, but that 
many of the churches of the fifteenth century are in this, mention of him by a contemporary or other ancient author 
which may be called the early Italian style, or Trecento^ as would probably determine the age in which he lived, 
that which followed it is known as the Uinquecenio.^ Cir- From several things he mentions, and his inscription or 
cular arches, and plain continuous horizontal cornices, and dedication to the '* Imperator Cspsar," it has been con- 
pilasters but slightly projected, with simple but generally eluded that he lived in tne time of Augustus ; but certaui- 
tasteful and elegant enrichments of foliage and carved ly without sufficient reason; for if the man he speaks of 
mouldings, are the most striking characteristics of the Tre- as the son of Masinissa had been the son of the celebrat- 
tento ; but columns, and the arrangements depending on- ed Numidian of that name, in the course of nature neither 
them, except as collocated with pilasters, are very infre- he nor Vitruvius could have lived to the time of Augustus, 
quent in it. In various parts of Italj^, and particulurly in But he addresses an emperor who succeeded his fiither 
Venice and some of the Venetian cities, tnis style pro- an emperor, and speaks of a temple of Augustus ; so that 
duced many of its best works, both secular and ecclesias- he must have been a contemporary of some period of the 
tical, even during the fifteenth century ; but it gradually empire. If that period had been the Augustan, he would 
gave way to, though in some instances its influence may doubtless, have made some reference to some of the 
be traced even when it had been overborne by, the new many distinguished men of that age, or have been refer- 
style. red to by some of them if he had himself been at all 
The first step taken towards the reformation of archi- known or distinguished as his admirers insist he was ; 
tecture was by Filippo Brunelleschi, a Florentine archi- neither of which is the case ; and, moreover, his language 
tect, who was employed to finish the cathedral or duomo is not that of an educated man of the Augustan age. 
of his native city early in the 15th centuiy ; a work which This, however, does not affect the merit of his work as 
hud been commenced more than a century before on the a treatise on architecture ; but his fables about the ori- 
design of Arnolpho, a Florentine also, but which still re- gin of building, the invention of the orders, and the ar- 

2uired the cupola when its completion was intrusted to rangements which grew out of certain modes of construc- 

irunelleschi. The edifice is in the Italian Gothic style, tion, do so ; by proving his total ignorance not only of 

slightly modified by what we have termed the Trecento, tlie architectural works of the more ancient eastern na- 

which his superior Uste and talent induced him to at- tions, but of tliose of Greece itself, which he professes to 

tempt to supersede, and bring the world back to the clas- describe. Now his classical taste, in consequence of his 

sic style of ancient Rome. The construction of the cupola knowledge of antiquity, is vaunted by Perrault, one of 




architects afterwards devoted themselves to free architec- himself, of tlie works of the Greeks, extended, may be 

ture of the monstrosities introduced by barbarism and ex- readily determined by comparing the designs of Greek 

ccssive license, and to restore it to its primitive simplicity structures, made by Perrault and others, according to 

and dignity.*** But to what did they have recourse to ef- the directions of Vitruvius, with tlie Greek structures 



Cwqueetnio meano literallv/we /wnorrd, but it is used as a contraction forjifieen hundred, or nilier for ome thvu$andjfve hnndrrd^ 
by the omission oftnWr, the century in which the rertt*al of arcl itecture, of which we are about to <iieak, took pUcex and Ui« nunner 
jonsequent is to deidgnated. TreetiUo would b. three hundred, or the third, for the thirteenth century. 
« U Fat, e I Ditt'/enL di A. PaOadio da O. B. Scamossi, tomo i. p. 4. 
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IlisUirv themcelves as they exist at the present time, and are The first to publish this system was Leon Battista At- HUtorv. 

"^^^^ faithfully delineated in various modem works, but espe- berti, a pupil of Brunelleschi. He has been followed bv 
ciidly in Stuart and Revett's AnHquUies rf Athens* It many otners, the most distinguished of whom are, Pal- 
is indeed not less strange than true, that not a single ex- ladio, Vignola, Scamozzi, Senio, and De Lorme, archi- 
ample of Greek architecture will bear out a single rule tects ; and Barbaro, a Venetian prelate, and an esteemed 
which Vitruvius prescribes, professedly on its authority ; translator of, and commentator on, Vitruvius. None of 
and not an existing edifice, or fragment of an edifice, in these, it must be understood, a^eed with any other of 
form or proportion, is in perfect accordance with any law them, but each took his own view of the meaning of 
of that author, nor indeed are they generally referable to their common pi^ceptor; and yet none of their produc- 
. the principles he lays down. Examples might be cited tions evince the slightest approach to the elegance of 
almost to infinity in support of this statement, and to form and beauty of proportion which distinguish the 
prove the inutility of a work consisting of mere descrip- classic models of the columnar architecture of antiquity. 
tions without delmeations, even if it were otherwise cor- Palladio and Serlio were the first to publish delineations 
rect. The latter may certainly be supplied from the an- and admeasurements of the Roman architectural remains 
cient remains when tney exist ; but to a man in posses- in Italy ; but the total absence of verisimilitude to the 
rion of the specimens, descriptions and directions for originals, and, in many cases, the absolute misrepresen- 
their composition are quite unnecessary. Even Sir Wil- tations, in both works, prove how incompetent the au- 
liam Chambers, a distinguished disciple of the Italian or thors were to appreciate their merits ; and the exagge- 
Vitruvian school, speaks very lightly of the advantage to ration of their aefects proves with equal clearness the 
be gained from the study of the Vitruvian principles of general bad taste of the school in which they are masters, 
construction ; and Mr Gwilt, in the introductory treatises The worst qualities of the Roman school of architecture 
to and notes on Sir William Chambers's work, has done were embraced and perpetuated by the Cmquecenio, 
much to undermine the authority, by exposing the absur- The inharmonious ana unpleasing combinations which 
dities and fallacies of the Magnus Apollo of pseudo-classi- arose out of the collocation of arches with columnar ordi- 
cal architecture. A student would acquire as correct a nances became the characteristics of the Italian : unequal 
knowledge of history and geography from the Seven intercolumniations, broken entablatures, and stylobates. 
Champions of Christendom and Gulliver's Travels, as of enteralikeintotheproductionsof the best and of the worst 
architecture from the text of Vitruvius I of the Cinquecento architects. The style of this school 
The adoption of the Vitruvian laws by the Italian archi- is marked, too, by the constant attachment of columns 
tects of the 15th century led to the formation of the and their accessories to the fronts or elevations of build- 
** Five Orders." It will have been observed that, in ings ; by the infrequency of their use in insulated (their 
speaking of the course of Greek and Roman architecture, natural) positions to form porticoes and colonnades ; by 
ttie Doric, Ionic, and Corinthian styles were mentioned, the thinness or want of breadth in the smaller membersi 
Vitruvius describes, in addition to these, another, which of their entablatures, and the bad proportion of the larger 
he calls Tuscan — possibly a style of columnar arrange- parts, into which they are divided, to one another ; by 
inent peculiar to Italy, and most likely of Etrurian ori- the general want of that degree of enrichment which 
gin ; but, in the absence of delineations, the Chtquecentuis fluting imparts to columns ; by the too great projection 
could only apply the proportions he laid down for it, to of pilasters, and the inconsistent practice of diminishing^ 
what appearea to approximate them in the ancient re- and sometimes fluting them ; by tne use of circular and 
mains ; and hence arose a fourth, or ** the Tuscan Order." twisted pediments, and the habit of making breaks in 
It is, however, a mere modification of the Roman debase- them to suit the broken ordinance they may crown ; and 
ment of the Doric, and may be considered, in its present by various other inconsistencies and deformities^ which 
form, as of purely modern Italian origin. The same will be rendered more evident when we come to treat of 
** Revivers,** on looking among the ruins of ancient Rome the style in detail. The merit of the Italian school con- 
fer the forms of their Vitruvian orders, found specimens sists in the adaptation and collocation of the prolate heroi- 
of a foliated ordinance, which the bad taste of the Ro- spheroidal cupola, which appears to have grown out of 
mans had compounded of the foliated and voluted styles of its opposite in the Roman works during the Gothic ages, 
the Greeks. This was seized upon as a fifth style, sub- as we find it in the early cathedrals ; uiough it is highly 
jected to certain rules and proportions, and called ** the probable that the idea was brought from the East, in the 
Composite Order.** The very poor Roman specimens of forms exhibited by the cupolas of St Marks at Venice, 
Doric and Ionic fitted themselves without much difficulty and of Pisa Cathedral. A very noble style of Palatial 
to the Vitruvian laws ; but the examples Rome afforded of architecture also was practised by many of the Italian 
the Corinthian were less tractable, and being as various architects. It consists of the use of a grand crowning 
as they are generally beautiful, they were all passed over, cornice, running in one unbroken line, unsurmounted by 
and their places supplied bya mere changeling— an epitome an attic, or any thing of the kind, superimposing a broaa, 
of the Vitruvian theory. Thus we have the *' Five Orders** lofly, and generally well-proportioned front, made into 
of the Italo-Vitruvian school, and in this manner they graceful compartments, but not storied, by massive block- 
are arranged : Fmit the Tuscan, of which there is no re- ing courses and other things, which are at the disposal of 
cognised example of antiquity, but which owes its form the judicious architect. Not unfrequently, however, the 
to the descriptions of Vitruvius and the fancies of the re- faults of the school interfere to injure a composition of 
vivers ; jeeoiM/, the Doric, a poor and tasteless arrangement this kind ; for, to produce variety in the decorations of the 
of the general features of the style on a Roman model ; windows, some of them have been made like doors, witli 
iMrd, toe Ionic, which is almost as great a debasement of distyle arrangements of columns, surmounted by altema- 
the Grecian originals, and was produced in the same tions of circular and angular pediments, and sometimes 
manner as the last^mentioned ; fourth^ the Corinthian, a with all the vagaries which deform the front of an Italian 
something totally unlike the ancient examples of both church. It is indeed the ecclesiastical architecture of 
Greece and Rome in beauty and spirit; and,yj^ the the school in which its faults are most rife and its 
Composite, an inelegant variety of tne Corinthian, or a merits most rare. An Italian church possesses nothing 
hybrid mixture of Uie homed or anffular-Ionic volutes, of the stem simplicity and imposing grandeur of an 
«rkli a deep necking of the foliage of the preceding order. Egyptian sacred structure — notliing of the harmonious 
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Hntorr. beauty and classic dignity of a Grecian fane — ^nothing The works of Bramante possess a more classical character History, 
^^'^v^^ of the ornate and attractive ele^nce of a Roman temple than those of any other architect of the schooL Bra- ' 
— and nothing truly of the glittering grace and capti- mante's design for St Peter's was preferred by Pope 
vating harmony of a Pointed cathedral. No other style Julius II. to a great many others by the most esteemed 
of architecture presents so great a contrast, in any men of the time* He it was who suggested the co- 
two species of its productions, as the Italian does, in pola ; but, unfortunately, ai^er his death men of less faste 
one of its ordinary church fronts, with the front of and talent were allowed to alter the design, and the 
a nobleman's mansion or palazzo, in the manner already edifice has Tesulted very differently from what it would 
referred to; and in no city of Italy is the contrast so have done had Bramante been adhered to* This we 
strong, by the egregiousness of the examples it contains iudge from his works generally, and not from any positive 
of both, as Rome* The stately portico is hardly known in knowledge of the design, which indeed does not exist 
Italian architecture ; and in the rare cases in which insulated The elder Sangallo was far inferior to his contemporary 
columns are found, they are for the most part so meagre and rival Bramante, and his works are full of the faults 
in themselves, and so tninly set, according to the Vitru- of the schooL Michel Angelo Buonaroti was a man of 
vian laws, that the effect produced by them is poor and great genius, but of coarse ta^ite in architecture ; and to 
wretched in the extreme* This applies most particular- him may be attributed many of the coarser qualities oC the 
ly to Italy itself: in some other countrits, and especidly Italian style* His principal works are the buildings of thf 
in this, those architects who have been of the Italian Capitol, and the College della Sapienza in Rome, and the 
school have generally preferred the proportions and ar- Laurentian Library at Florence ; and these are all dis- 
rangements which they found in the Roman examples of tinguished for their singular want of architectural beauty 
antiquity, to those laid down by their Italian masters* and propriety in every particular. Michel Angelo was 
StiU, Italian church architecture boasts the cupola,— cer- the Dante of Italian painting, but the Bemi of its ar« 
tainly its redeeming feature ; and the architects of Italy chitecture* Raffaelle, too, had a very bad style in ar 
must have full credit for the use they have made of it, both chitecture, and so indeed had almost all the painters 
internally and externally. Perhaps no two edifices display who professed to be architects also. They generally cat 
more, and m a greater degree, both the merits and de- ried to extremes all the faults of the schooL Sansovinn 
vv^ fectsof the school which produced them, than the Far- and Sanmichele were men of considerable talent: their 
xvi. and ^^^ palace and the basilica of St Peter in Rome. The works display more originality and less servility than 
XVIL principal front of the former edifice is exquisite in its pro- those of most of their contemporaries* Peruzzi was lesn 
portions, but frittered in its details. It has an immense employed than many who had not half his merit : his 
crowning cornice, whose general effect is surpassingly productions are with reason considered among the most 
grand ; but the mouldings are too much projected, ai)d its classical of the Italian school. Vignola had a more correct 
vertical parts want the breadth which the blocking courses taste than perhaps any other Italian architect of the I6tli 
possess* The lowest of its three tiers of windows is cha- century : his works are indeed distinguishable by their su- 
racterized by the most charming simplicity and good periorit^ in harmony of composition and in general beauty 
taste in almost every particular ; but the other two are of detail* Palladio very mucti affected the study of the an- 
crowded with sins against both those qualities, in the tique, but his works do not indicate any appreciation of its 
dressings of the windows. The cortile and back front, beauties. He appears to have been very well qualified 
though both very differently arranged from the front, and by nature for an architect, but spoiled by education. H« 
from each other, are not less filled with contrarieties ; and did not look at the remains of antiqmty with his owii 
so of the structure throughout* The front of St Peter's eyes, but with those of Vitnivius and Albert!, and he 
is not more distinguished by its magnitude than by its seems to have been too much influenced by the admired 
littleness and deformity* It contains the materials of a works of some of his predecessors* Palladio made greater 
noble octaprostyle, and consists of an attached tetrastyle. use of insulated columns than the Italian architects ge* 
It is divided into three unequal stories, within the height nerally, but his ordinances are deficient in every quality 
of the columns, whose entablature is surmounted by a that produces beauty; his porticoes may be Vitruvian. 
windowed attic In length it is frittered into a multitude but they certainly are not classic ; and all his works 
ot* compartments, between which not the slightest har- evince Uiat he studied the Colosseum, the Theatre oi 
niony is maintained ; while tawdriness and poverty are Marcellus, and the Triumphal Arches, more than the co- 
the distinguishing characteristics of its detail* A total lumns of Jupiter Stator and Mars Ultor, the Temple ot 
absence of every thing which produces grandeur and Antoninus and Faustina, the Pantheon, the Portico at 
beauty in architecture, marks, indeed, the whole of the Assisi, and the other classic models, which he drew, but 
extenor of the edifice, except the glorious cupola, than clearly did not appreciate* His columns upon columns, 
which architecture never produced a more noble and his attached and clustereJ columns, his stilted post-like 
magnificent object. Internally, the structure is open to columns, his broken entablatures, his numberless pilasters, 
similar praise and similar dispraise. Gorgeousness in straggling and unequal intercolumniations, inappropriate 
matter and meanness in manner characterize the interior and inelegant ornaments, circular pediments and the like, 
of St Peter's, except the sublime concave which is formed are blemishes too numerous and too great to be pa88e«l 
by its redeeming feature without over because of occasional elegance of proportion and 
The Cinqtiecento architects of Italy were exceeding man- beauty of detail* Scamozzi did not improve on the style 
nerists : but besides the manner of the school, each had of his master, which, however, he very much affected, 
his own peculiarities ; so that there exists in Uieir works Indeed the term PaUadian has long been in general use 
what may almost be called monotonous variety. Brunei- throughout the civilized world for beautiful and exceileiii 
leschi's designs are distinguished by a degree of sim- in architecture, so that it cannot be wondered at tliai 
plicity and comparative good taste, which causes regret Palladio's pupils and successors should imitate him; nor 
tliat he had not referred more to the remains of antiquity is it surprising thai they did not surpass, or even equal 
in Italy, and sought out tliose of Greece, and less to the him, for they were taught to look to his works as the w 
dogmas of Vitruvius ; for then his works would have been plus ulira of excellence. Giacomo della Porta, a cott* 
more elegant than they are, and the school he founded temporary of Palladio, followed Michel Angelo in several 
wotilJ have done him much more honour than it does, of his works, and imbibed much of his manner, on whid* 
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ili story, hc Certainly improved ; but still his own is far from being 
mm^^^m/ good ; Dclla Porta was much employed in Rome ; and it 
&11 to him, in conjunction with Domenico Fontana, to put 
the cupola on St reter's. Fontana's style of architecture 
is not par^cularly distinguished for its good or bad quali- 
ties ; he obtained more reputation as an engineer than as 
an architect, having been engaged in removing and setting 
up most of the obdisks which give so much interest to the 
architectural sceneij of Rome. The Lunghi, father, son, 
and grandson, the Kainaldi, Mademo, Borromini, Bernini, 
Carlo Fontana, Fuga, Vanvitelli, and many others in the 
course of the seventeenth and eighteenth centuries, carried 
the peculiarities of the Italian school to the greatest extremes* 
Of those enumerated, Bernini was perhaps the least offen- 
sive, and Borromini the most extravagant ; but throughout 
that period, except in extreme cases, individual manner is less 
distinguishable, and that of the school more strongly marked. 
It may be gathered from the preceding remarks, that the 
secular architecture of the Italian scliool is generally pre- 
ferable to the ecclesiastical, and that the architects of the 
fifteenth and sixteenth centuries were generally superior to 
those who followed them. In Italy the school has not yet 
ceased to exist, nor indeed has its style ceased to be studied. 
Designs are still made by the students of the various acade- 
mies in the manner of the CinguecentOj and on the models 
with which the country abounds. The precepts of Vitru- 
vius are yet inculcateo, and the works of the men whose 
names we have mentioned are looked up to as master works 
of architecture in the country which contains the Roman 
Pantheon and the Greek Neptunium, besides the power of 
referring to the more exquisite works of Greece herself, 
(ndjence In the fifteenth centuiy such was the reverence of men 
of the Itar for the revived works of ancient literature and science, that 
iian ^hooL the profession of the Italians, that they had restored ancient 
classical architecture on the precepts of an architect of the 
Augustan age, was sufficient to open the way for them all 
over civilized Europe. In the course of that and the fol- 
lowing century Italian architecture was adopted and Italian 
architects employed in France, Spain, Germany, Great Bri- 
tain, and their respective dependencies; and now, in the 
nineteenth century, Vitruvius and Palladio are as predomi- 
nant on the shores of the Baltic as on those of the Medi- 
terranean Sea ; though in this country and in some parts of 
the Continent their influence is considerably diminished since 
the time of Inigo Jones and Gaude Perrault It has been 
already remarked, too, that the Cinquecento was later in 
gaining a footing here than on the Continent, in consequence 
of the existence of a beautiful national style of architecture, 
which our ancestors do not appear to have been induced to 
resign to the barbarian innovators of the South, as readily as 
the interjacent nations were to give up theirs ; for which 
indeed the reason exists in the greater attractions of ours, 
and the consequent greater difficulty of inducing the nation 
to part with it. The French, though they received the 
Vitruvian architecture from the Italians, were patriotic 
enough, as soon as they had acquired its principles, to con- 
fine Uie practice of it almost entirely to native architects, 
in whose hands it assumed a different character from that 
which it possessed in Italy, and became what may be called 
the French style of Cinquecento. Its ecclesiastical struc- 
tures are less fiiulty than are those of the corresponding 
period in Italy, but its secular edifices are as far inferior to 
those of that country* The grand palatial style, which is 
exemplified in the Famese palace in Rome, never found its 
way into France ; but instead, there arose that monstrous 
and peculiarly French manner, of which the well-known 



palaces of tlie Tuileries and Luxembourg are egregious History, 
examples. In the age of Louis XIV, the rrench appear to ^^^^/"^^ 
have reverted to the Italian manner in a certain aegree; 
for the palace of Versailles includes almost all the extra- 
vagancies of that school in its worst period, and contains 
moreover architectural deformities which Italy never equal- 
led till it imitated them. They consist in the style of en- 
richment which is distinguished by the name of tliat monarch 
in whose reign it had its origin, and of whose gross taste 
and vulgar mind it is an apt emblem. The same period 
produced one of the most classical architects of the French 
school — its Palladio or Inigo Jones, Perrault, whose design 
for the buildings of the Louvre was preferred to that of 
Bernini, though indeed the preference was no compliment 
to the one nor discredit to the other, considering to whom 
the decision was of necessity referred. The Hotel des In- 
valides is of the same age : it exhibits the eraces of the 
Italian cupola, surmounting a composition which includes 
more than all die faults of St Peter's in Rome. The church 
of Sainte Genevieve, or the Pantheon, a work of the fol- 
lowing reign, was intended to be in the ancient Roman 
style, and of Roman magnificence ; but it is rather papally 
than imperially so. Ancient Rome was regarded in the 
columnar ordinance, but modem Rome in the architectural 
composition. In it the ecclesiastical style of the Cinque- 
eento is commingled with the simple beauties of Roman 
architecture, almost indeed to the destruction of the latter : 
to this structure also there is a handsome cupola. Of late 
years the works of the ancients have been studied by the 
architects of France, greatly to the amelioration of their 
style ; as yet, however, they are but imperfectly acquainted 
with the peculiarities of the Greek, ana many of them still 
appear to retun their devotion to Vitruvius and the fifteenth 
century. Spain servilely received the Italo- Vitruvian archi- 
tecture, ana to the present day knows no other. Less pa- 
triotic than the French, the Spaniards have for their greatest 
works employed the architects of France and Italy. The 
Escurial, though the work of a native architect,^ does little 
credit to Spanish art. The Italian Revival was the means 
of extinguishing the Pointed style of architecture in Ger- 
many, and certainly without affiirding it an equivalent. Ita- 
lian architects were employed in Germany, and Germans 
acquired their manner ; but they did not improve it, nor did 
they make it productive of so many good effects as the Ita- 
lians themselves did. The change in religion which su- 
pervened the change in architecture in so Targe A part of 
Germany, may have tended to prevent the latter from ac- 

?uiring that aegree of exuberance there which it did in 
taly ; but even in Catholic Germany the splendid Pointed 
cathedrals have never given way to modifications of the 
pseudo-classic St Peter's. In the use of Cinquecenio archi- 
tecture for secular structures, it may be truly said that the 
Germans have not excelled the Italians ; nor, on the other 
hand, have they equalled them in the absurdities and extra- 
vagancies which are so frequently observable in the works of 
some of the latter. The Germans also have lately turned their 
attention to the works of the ancients, and the fruit of it is 
already evident in many parts of the country, and most par- 
ticularly in Prussia : stUl, however, they appear to have yet 
to learn the right use of the Greek models, and a proper 
sense of the exquisite perfection of their detail ; as well 
as to emancipate themselves from many of the trammels 
of the Vitruvian school. The northern continental na* 
tions have been dependent on Germany, France, or Italy 
for their architecture, and can produce nothing tiiat gives 
them a claim to our consideration in such a review as the 



^ It bM been sometimef erroneon«ly attribat«d to a Frenchman. The work was began by Juan Bautista de Toledo In 1563, and com- 
pleted by hii pupil Juan de Ucrrera in 1684. — Deseripeion del Eteorial por Francieco de los Santos ; Vi<tg6 de F^tpana por Antonio Pons : 
Varia Cifmnienntraeion de Juan de Arfe; Laborde, ilin. Deserip. de VEspagne, t. ill.; Townsend's Spain. — Ed. 
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Hlrtorj. Tfresedt. ^ Petersburg is exclusively the work of ar- putadon, that he had not looked beyond Pdladio and their ^toij. 
^'^K^^^'v^ chitects of tlie nations just enumerated, and presents a common preceptor Vitruvius, to the models the latter pre*^ 
mass of the merest common-places of Italian architecture, tends to describe ; in which case he might have been the 
in structures calculated by their extent, like Versailles, the means of restoring, or at least of introducing, to his own 
Escurial and St Peter's, to impose on the vulgar eye. country, the truly classical architecture of the ancients. 
We have already more than once had occasion to refer But instead of that he brought nothing home but Italian 
incidentally to the introduction of Cinquecento architec- rules and Italian prejudices. Jones commenced the truly 
ture into Britain ; and in noticing it more particularly, Gothic custom of thrusting Chiquecenio fittings into our 
and tracing its course, we are saved the trouble of keep- Pointed cathedrals, by putting up an Italian screen in that 
Ing up a distinction between the different parts of our of Winchester ; and he barbarized the ancient cathedral 
triple nation, because, at the time it actually crossed the of St Paul in London, by repairing it according to his 
channel, the amalgamation of the kingdoms had taken notions of Pointed architecture, for it was in that style, 
place hy the union of their crowns on the head of the and a£Bxed to it an Italian front. Fortunately the great 
Scotisli sovereign. fire supervened, and made room for the present magnifi- 
KngUahar- When the Pointed style received its deathblow in Eng- cent structure, by clearing away that early specimen of 
chitecture. |imd, in the reign of Henrj^ VIII., it did not immediately pseudo-classic taste. Of the Palladian style, however, 
cease to exist ; nor was it immediately succeeded by the it must be confessed Jones was a complete master. He 
Italian when it became extinct. It was gradually de- designed a royal palace which was to have been built at 
dining through all the 16th century, during the latter Whitehall,inamannera8farsuperior to those of Versailles 
part of which period, what has been called the Elizabethan and the Escurial, as the works of Palladio are to those of 
style became somewhat permanent. It consists of a singu- Borromini. The only part of Jones's design ever exe- 
lar admixture of the Italian orders, with many peculiari- cuted is the structure odled the Banquetine-House, whose 
ties of the Pointed style, and in many examples the latter exterior is an epitome of many of the faults, and most of 
appears predominant. With such difficulty, indeed, did the beauties, of the Palladian school. It rises boldly from 
that fascmating manner give up its hold on the minds oi the ground with a broad, simple, and nearly contmuous 
men in this country, that the cinquecentisU appear to have basement or stereobate, and the various compartments of 
relinquished the hope of effecting its destruction, — unfor- its principal front are beautifully proportioned ; but the 
tunately, however, not until the injury was done ; and for circular pediments to the windows, the attached unfluted 
Bome time we were left without a style of any kind, unless columns, with broken entablatures and stylobates, the attic 
that may be called by the name which marks the edifices and balustrade, though they be the materials of Palla- 
of the reign of James I., and of which the oldest parts of St dian, it may be confidently denied that they are consist- 
James's palace are a specimen. ent with classical architecture. Another well-known work 
The destruction of the Pointed style has been referred of this architect is the Italo-Vitruvian Tuscan church of 
by some to the change in religion which took place under St Paul, Covent-Garden, whose eastern portico is well- 
tlie Tudor line of English monarchs ; but such was cer- proportioned in general, but grossly deformed in detail, 
tainly not the case. Itwas the "Reformation" of architec- Architecture was in abeyance in this country, again, 
ture in Italy, and not that of religion in Great Britain, that from the troublous times of Charles I. till the restoration 
effected it ; and it may be doubted whether the chanp^e of the monarchy in the person of his son, whose French 
would not have taken place sooner in this country, if its taste would have completely Gallicized the architecture, 
connection with Italy had not been so materially affected as well as the manners and morals, of the nation, if the 
by the moral change here, and so delayed that of architec- resplendent genius of Sir Christopher Wren had not been 
ture; for it was Germany and France that supplied us with present to avert the infliction, or rather to modify it ; for 
architectural reformers during the reigns of Henry VIII. it cannot be denied that the influence of the French man- 
and his children, and not Italy, whose professors might ner had an effect on the architecture of this country from 
possibly liave obtained more credit than their disciples did. that period down to the middle of the last century. In- 
So dilatory were we, indeed, in the cultivation of the deed Wren himself only knew the style he practised from 
Italian style, that the first professor of it who was actual- books and the structures of France, except the few that 
ly employed on edifices in this country came hither from existed of Inigo Jones in this country; and, in conse- 
Denmarkl It is true, he was an Englishman ; but so little quence of his visit to France, the peculiarities of the 
hope did he appear to have of success at home, that he French style are obvious in many of his less esteemed 
accepted an invitation from the king of that country, when works. Fortunately, however, he was proof against the 
he was at Venice, whither he had gone to study painting ; grosser peculiarities of the Cinquecenio, whether in the 
but becoming enamoured o£ architecture, as he saw it m books of the Italians or in the edifices of the French ; 
the works of Palladio, he had made that his study instead, and his own productions evince that he had imbibed 
and had alreadjr acquired considerable reputation in that much of the spirit of the antique monuments of Italy, 
city, when Christian IV. of Denmark invited him to his which he could have known only from engravings, and 
court to occupy the post of his first architect. A train of those very imperfect ones. The field that was opened to 
circumstances, to which we need not here advert, brought his genius by the great fire of London in 1666, and its re- 
him to England a few years afler James I. came to the Eng- suit, are equally well known. It is true that the general 
lish crown, and he was appointed architect at first to the offuscation of taste and feeling with regard to the Pointed 
queen, and subsequently to Henry prince of Wales. But style extended even to him. Wren was guilty of many 
he does not appear in consequence to have then obtained offences in that respect, besides giving authority to the 
employment ; for afler the death of the prince, he went opprobrious term Gothic ; and in no case more so than in 
again to Italy, where he remained till the office of survey* the construction of the towers to Westminster Abbey, 
or general, which had been promised him in reversion, fell whicli are a lasting proof of his ignorance of its most ob- 
vacant. This was the celebrated Inigo Jones, who has vious principles. Nevertheless, to the influence of our 
been called the English Palladio ; and indeed he succeed* beautiful native style on his mind, architecture is indebt- 
ed so well in acquiring the peculiar manner of that archi- ed for some of its most charming works. If Wren had not 
tcct, that he richly deserves whatever credit the appella- been accustomed to contemplate the graceful and elegant 
tion conveys. It is unfortunate, however, for his own re- pyramids or spires of his native country, he would never 
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Uistory. have originated the taperine steeple, in the composition garies and extravagancies which characterize diat style History. 

^^>V*^^ o^ which with the roateriafs of Italian architecture he generally in other countries at the same period, but was ^^^v*-^ 

still stands as unrivalled as he was orieinal. Witness the certauily more suited to the soberer character of ecclesi* 

steeples of Bow Church and St Bride's in London, the astical than of secular structures, whereas his principal 

former of which is hardly surpassed in grace and elegance works were noblemen'^ mansions. Vanbmgh's faults were 

by the Pointed spires themseives. It must remain a con- generally those of Michel Angelothe was a painter's ar- 

stant subject of regret that this great head of the English chitect, and did not understand beauty of proportion and 

school of Cinquecenio architecture did not know the re- detail so well as the pictorial arrangement or lights and 

mains of ancient Greece and Rome from persoiud obser- shadows ; to produce which in the Cinquecenio it is almost 

vation. With his splendid genius and fine taste, if he had necessary to part with all the higher beauties of architec- 

not been imposed on by the specious pretence of the Italo- ture. Hawksmoor added to the style of his master that 

Vitruvian school, his works would have been models noble ornament in which Italian works are so very deficient 

for imitation and study, as they are objects of admi- — a prostyle portico. His compositions are marked by 



ration : as it was, he avoided many of the faults of that severe simplicity, and only want to be absolved from a few 
school, and improved on many of its beauties. Without faults and enriched with a few elegancies to be among the 
knowing the Greek style at all, and knowing the Roman best of modern times. Not the least distinguished archi- 
only through imperfect mediums; without, indeed, ever tect of the same age (the first half of the 18th century) 
having seen an example of either; whenever he has varied was the Earl of Burlington, who was a passionate aiimirer 
from the Italian practice, it has been towards the proper- of the style of Palladio and Inigo Jones. Many of the 
tions and peculiarities of the Greek I The great west front edifices erected by Kent are believed to be from the de- 
Flate of St Paul's, though it is said to be imitated from that of signs of that amiable nobleman, who, with considerable 
XV. St Peter's in Rome, or rather from what it was proposed talent, was, however, a somewhat bigoted devotee to 
to be, with the two towera to form its wings, is a much Vitruvius and the Cinguecento genemWy, as well as to Pal- 
finer, a more imposing, and more classical specimen of ar- ladio in particular ; for he has frequently used columns 
chitecture than its prototype ; for the advantage the latter representing half-barked trees, in conformity with the silly 
should have in being of columns in one height is lost en- tales of Vitruvius, and the sillier whims of his disciples 
tirely in their poverty and in the miserable arrangement of The portal of his own house in Piccadilljr» and that of the 
the whole front ; whereas that of St Paul's is in two noble King s Mews, are special examples of this bad taste, and 
pseudo-prostyle and recessed porticoes, with the columns of other faults of the school besides. Lord Burlington 
fluted, and generally conceived and executed in much built for himself at Chiswick a villa on the model of the 
better taste than those of St Peter's. The entablatureF> Villa Capra, or Rotonda, near Vicenza — a structure which 
though massive, are finely proportioned, and sufiiciently has been called the masterpiece of Palladio. In form and 
ornate to be elegant ; they are, too, quite continuous, and proportion it is certainly elegant, but its details strongly 
the upper one is surmounted by a noble pediment, whose exhibit the poverty of Italian columnar architecture, when 
pyramidal form gives at the same time dignity and a finish- unaided by the fritterinj^ which is its bane, and almost its 
ed appearance to the whole front. Tlie coupling of the sole dependence for effect. Gibbs was a contemporary 
columns, however, and the putting of one columnar ordi- of the same period. He too, like Hawksmoor, had imbibed 
nance over another, can only be defended by the practice a taste for the classic prostyle portico, which he evinced 
of the Italian school; though, in the present case, both are in St Martin's church in London ; but that he also was in 
rendered less offensive by the judicious management of the trammels of the Italian school is no less evident, in 
the architect. Nothing shows more strikingly the supe- the same structure, to a considerable extent, and still 
riority of St Paul's to St Peter's, as an architectural com-^ more so in the church of St Mary in the Strand, which is 
position, than a parallel of their flanks. The great mag- a bad specimen of architecture, and a favourable one ot 
nitude of the latter may strike the vulgar eye with admi- its style. During the following half-century (the lattei 
ration in the contrast ; but the rudest taste must appre- half of the 18th) Sir William Chambers and Sir Robert 
ciate the surpassing merit of the former in the form and Taylor were the most distinguished architects of this 
arrangement of the cupola, and the noble peristyle with country. They were both men of talent and genius, who 
its uimroken entablature and stylobate, out of which it had availed themselves of the semains of Roman antiquity 
rises, when compared with the sharper form and depressed to good purpose ; for as yet those of Greece were either 
substructure of that of St Peter's. The superiority of unknown or unappreciated ; and the former of them has 
St Paul's in the composition of the main body of the edi- lefl us, in the Strand front of Somerset House in London, 
fice is not less in degree, though perhaps less obvious, perhaps the best specimen of its style in existence. Other 
than in the superstructure. In the one it is broken and parts of the same#difice, however, are far from deserving 
frittered, and m the other almost perfectly continuous, in the same degree of praise i indeed, as an architectural 
broad, bold, and effective masses. composition, the river front is altogether inferior in merit 

The history of the works of Sir Christopher Wren is to the other, though of much greater pretence. The inner 

the history of the architecture of the period in this coun- fronts to the great quadrangle, though exhibiting good 

try ; and as it must be admitted that he was not so sue- parts, are, as a whole, not above mediocrity. An air of 

cessful in the composition of the architecture of secular littleness pervades them ; and the general effect of the 

structures as of ecclesiastical, it will follow that our se- fronts themselves is made still worse by the little clock 

cular edifices of that time are of inferior merit. If it towers and cupolas by which they are surmounted ; and 

were not indeed an historical fact, it would hardly be to tliis may be added the infinity of ill-arranged chimneys, 

credited, that Chelsea CoUeee, the old College of Physi- which impart an air of meanness and confusion that no- 

cians in London, and the huls of some of the city com- thing can excuse. While Sir William Chambers and a 

panics, are by the architect of Bow Church and St Paul's, few others were applying the best qualities of Italian ar- 

The style introduced by Sir John Vanbrugh, who may chitecture, indeed improving its general character, and, it 

be said to have succeeded Sir Christopher Wren in the may be said, making an English style of it, there were 

direction of architecture in England, was distinguished by many structures raised in various parts of the country in 

maasiveness unsuited to the style in which he built, which a manner hardly superior to that of the time of James 1 ; 

of course Italian. It was, however, free from theva- structures io which all the meanness and poverty of tlie 
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History. Oinqaeeenio are put forth, witliout any of ita elegance of is due tlie honour of opening the temple of Greek architec- ^^^^T 
^ proportion, or that degree of effectiveness which men of tural art,— of drawing away the Ycil of ignorance which "^ 
talent contrived to give it. During the same period, too, obscured the beauties it contains, — and ofsnatching from 
the seeds of a revolution were sown, which nas almost perdition, and consequent oblivion, the noble relics of an- 
succecded in ejecting the Italian style and its derivative cient architecture which bear the impress of the Grecian 
from this country, without perhaps having as yet fur- mind. Not onlv indeed were we the first to open the 
nished a complete equivalent. mine, but by us it has been principally worked ; for among 
In the year 1748 James Stuart and Nicholas Revett, the numerous publications which now exist on the Hel- 
two painters pursuing their studies in Rome, having lenic remains, by far tlie greatest number, and indisput- 
rooreover paid some attention to architecture, issued ably the n^ost correct, are by our countrymen, and were 
" Proposals for publishing an accurate description of the brought out in this country. It required, however, a 
Antiquities of Athens, &c.*' These proposals met with generation for the effects of ignorance and prejudice in 
general approbation, and in consequence they determtn- some, and imperfect knowledge in others, to wear away, 
ed on prosecuting their plan ; but various hinderances before the beneficial effects of the Greek style could be 
prevented their arrival in Athens till March 1751, when obvious in our structures. The works of the Adams, 
they commenced measuring and delineating the architec- who were contemporaries of and immediate successors to 
tural monuments of that city and its environs. In this Sir William Chambers, evince a taste for the beauties of 
work Messrs Stuart and Revett were unremittingly em- Greek architecture, but a very imperfect knowledge in- 
ployed (as far as their own exertions went, for they deed of the means of reproducing them. The architects 
were frequently interrupted by the Turks) for several who have had the direction of our principal works during 
years, so that they did not reach England with the re- the first quarter of this century had the disadvantage of 
suit of their labours until 1755 ; and, by a series of al« being pupils of those who were themselves, as we nave 
most unaccountable delaj's, the first volume of their work shown, incompetent to appreciate the Greek style ; and 
did not appear until the year 1762. Sixteen years more at a time too when the state of Europe shut up all access 
expired before the second issued from the press ; and to the remains of Greece and Rome ; so that xio great 
the third was not published until 1794, being nearly improvement could perhaps be expected from them, 
fifty years from the time the work was first announced I Wnen they shall have passed away, it is to be hoped that 
Avarice and envy had induced a Frenchman of the name we shall find a new class, some of'^ whom, indeed, are al- 
of Le Roy, who was at Rome when our countrymen is* ready before the world, who, having received their edu- 
sued their proposals, to forestall them with the public, cation since peace has opened the Continent, are prepared 
and rob them of the profit and reputation they were so by the actual contemplation and study of the works of 
hardly labouring to earn. This man went to Athens, Egypt, Greece, Rome, and Italy, in ail their varieties, to 
and m a very short time collected some loose mate- form new and pleasing combinations of their beauties, 
rials, with which he published at Paris, in 1758, a work adapted to our wants, — to produce what may equal, if not 
which he called Les Ruines des plus beaux Monumens surpass them all. The structures of Egypt may show 
de la Gricsy SfC^ in which he makes not the slightest how to arrange large masses harmoniously and effectively ; 
mention of Stuart and Revett, nor of their labours or in- those of Greece and Rome how to impart grace and dig- 
tentions, with all of which he was well acquainted. This nity ; and the structures of Italy how the materials of an- 
work is moreover notoriously and grossly incorrect ; so cient architecture may be moulded to modem uses, while 
incorrect indeed, as to make it difficult of belief that its at the same time they give practical warning of what may 
author ever saw the objects of which he professes to give result from the abuse of the most obvious principles of tlie 
the representations. Such as it is, however, it was from art 

M. le Roy*s work that the public had to judge of the The difference between the representations of the 
merits and beauties of Greek architecture ; for we have Athenian anticjuities by Stuart and his colleague, and the 
said that the first volume of Stuart and Revett*s did not misrepresentations of them by Le Roy, appears to have 
appear for several years afler it, and that does not con- opened the eyes of the world to those of ancient Rome, 
tain any pure specimen of the national or Doric style : to see if they too had not been dealt with unjustly ; for 
the second, which does, was not published for twenty of late years much more correct delineations of them have 
years af^er Le Roy*s. Considering, therefore, the source appeared than those of Palladio and Desgodetz,-^elinea- 
from which the public had to derive information on the tions of them as they exist, exhibiting the spirit of the 
subject, it can hardly be wondered at that Greek ar- originals, and not warped to tlie Vitruvian precepts, and 
chitecture was vituperated on all sides ; and by none thereby stripped of their best quality, trutli. The exca- 
with greater acrimony than by Sir William Chambers, vation of the ancient cities of Herculaneum and Pompeii 
whose apology must be, ignorance and the preiudices of has opened to us much interesting matter, and some that 
education. He really did not know the style he carped is instructive : their ruins too have the advantage of being 
at ; and his education in the Italo- Vitruvian school had correctly delineated ; so that we are at this time in pos- 
unfitted him for appreciating its ffrand, chaste, and simple session of more knowledge of the architecture of the an- 
beauties, even if he had known it. Notwithstanding the cients, acquired in a few years by the actual examination 
misrepresentations of Le Roy, the vituperations of Cham- of its relics, than our predecessors of the last generation 
bers, the established reputation of Italian architecture, were, after talking, and writing, and reading Vitruvius 
and the trammels which Vitruvius and his disciples had about it, for nearly four centuries, 
fixed on the public mind, when Stuart and Revett*s work It is an argument in proof of the classical beauty of the 
actually appeared, the Greek style gradually advanced in Pointed style, that when the eyes of men were opened to 
esteem, by dint of superior merit alone — for it has had no the perfections of Greek architecture, they began to dia- 
factitious aids ; and since that period Greece and all her cover its merits also. Pointed architecture, under the op- 
colonies which possess remains of her unrivalled archi- probrious name Gothic, had long been a subject of discus- 
tecture have been explored, and we now possess correct sion among antiquaries ; that is, essays were written by 
delineations of almost every Greek structure which has them to prove how the Pointed arch orieinatedi but nona 
survived, though in ruins, the wreck of time and the de- appreciated its beauties. Our Pointed cathedrals and 
solation of ban>ari«m. To our country and nation, then, churches were, after the example of Inigo JoneSi ruth* 
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Egyptian lessly barbarized in repairing and fitting up. If an archi- 
Architec- tg^t were employed to do anything in or to one of thenv 
he appears to have thought it incumbent on him to con- 
vert it to the doctrines of his own faith — to Italicize it. 
Deans and Chapters for the most part entrusted their 
commissions to country masons and plasterers, who also 
operated according to the laws of the **five orders." 
About the middle of the 18th century one Batty Lang* 
ley endeavoured to draw the attention of the world to 
Pointed architecture, by reducing it to rules, and dividing 
it into orders. Fortunately he was only laughed at, and 
both he and the book he published on the subject were 
soon forgotten. One of the first men in rank and influ- 
ence of his time, in matters of taste particularly, Horace 
Walpole, patronized Pointed architecture, but ineffec- 
tually. He had himself neither taste nor feeling to ap- 
preciate its beauties, as his Strawberry Hill clearly evinces ; 
so that his patronage of it must have been the effect of 
mere whim, or a wish to lead a fashion. Delineations 
were indeed put forth from time to time, but generally 
so rude and imperfect, that, like M. le Roy to Greek 
architecture, they did more harm than good. The So- 
ciety of Antiquaries, however, at length took up the sub- 
ject, engaged Mr John Carter, an ardent ana judicious 
admirer of our national architecture, and commenced the 
publication of a series of splendid volumes, containing en- 
gravings of its best specimens, from drawings and admea- 
siu'ements by him. The ** Antiquities of Athens" had 
already done much to dispossess men of their prejudices*, 
by showing that Greek architecture, though neither Vi- 
truvian nor Palladian, was nevertheless beautiful ; and the 
great work of the Society of Antiquaries did the same for 
Pointed architecture. Since the death of Mr Carter, our 
native style has been beautifully illustrated, in a series of 
valuable works by Mr Britton, and elucidated in detailed 
'* specimens" by Mr Pugin, a French gentleman but an 
English artist, and by a great variety of other useful and 
excellent publications ; so that, at the present time, the 
Pointed style, too, is studied and understood, and not a 
few of our architects are now competent, not only to be 
entrusted with the repairs and restorations of the ancient 
structures, but also to originate new ones, which may 
rival all but their prototypes in beauty. . 

Egyptian Architecture. 

This is in all probability the oldest architecture in the 
world, and now that those mysterious stumbling-blocks to 
the former antiquary, the hieroglyphics, have been de- 
ciphered and clearly understood, a flood of light has been 
thrown on what a few years ago was all vague conjecture. 
We are indebted to the labours of the late eminent architect 
and antiquary, Luigi Canina, and to those of Sir Gardner 
Wilkinson, for an immense mass of information on the sub- 
ject. In fact, these learned men seem to have been the 
first to have digested the matter into tangible shape, and 
their friendship and mutual association can never be over- 
valued. The drawings for tl^ie chief works of the latter were 
made out in the studio of the former. 

The oldest works of the Egyptians (Herodotus, EtUerpe^ 
4, 10, 99) seem to have been the embankment of the Nile 
by Menes, the foimdation of the city of Memphis, and the 
commencement of a temple to Vulcan. Before his time, 
our author says, Egypt was a morass, and that for seven 
days' journey fnm the sea. This embankment must have 
been a ffigantic work, especially as it was executed between 
400 and 500 years before the time of Abraham, or about 
4000 years ago. 

We then bear from Manetho, as cited by Eusebius in his 
Chronicle, part i.^ that Venephes, the fourth king of the 
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1st dynasty, built some pyramids at a place called Cocho- 
men, but thb record is all we know of them. The Chro- 
nicle shortly afler records that Tosorthus, or Sosorthus, the 
2d king of the 3d dynasty, found out how to build with 
polished or smooth stone, icai r^ &a fcoTcav Xidtav SucoSofM,^ 
luparoi 

The next of which we have notice is the most gigantic 
work in the world ; one which never has, and perhaps which 
never will be, surpassed. It is the great pyramid. At this 
time the Egyptians must have advanced in the mechanical 
arts beyond anything of which we have an idea. They 
seem to have been able to quarry rocks of the hardest stone, 
even granite; to transport them to any distance they pleased; 
to raise huge blocks, vast monolith obelisks that would 
puzzle our engineers with their best tackle ; and what is 
the most wonderful of all, not only to polish granite as well 
as we can, but they did more — they seem to have had the 
f ower of carving on that most stubborn and difficult of all 
materials with the utmost facility, large surfaces and even 
huge statues being covered with hieroglyphics of the most 
minute kind, and of the highest finish. The most extra- 
ordinary thing is to know now this was done, for thoueh 
Herodotus {Euterpe^ 124, 125) tells us they had iron tools, 
yet it was long before the conversion of that metal into 
steel had been found out ; and with all our best tools that 
the best steel can afibrd us, it is very difficult and very 
costly even to carve plain letters in granitCt 

Herodotus tells us the occasion of the great work was 
the caprice of a king, whom he calls Cheops, and who is 
supposed to be the Suphis of Syncellus, ana the Chembes 
of Diodorus, about 2100 years before the Christian era. 
The account of Herodotus is, that this king was a tyrant 
of the very worst kind; that he closed all the temples 
throughout Egypt, forbade every sort o£ religious ob* 
servance, and forced all his subjects to labour for him as 
he pleased. Among other whims, he determined to build 
this pyramid as a tomb for himself* Our author tells us 
the stones were quarried in the Arabian mountains, none 
less than 30 feet long. They were then conveyed by the 
Nile to where a new road had to be made, three-quarters 
of a mile long, 60 feet broad, and in a cutting of 48 feet. 
This road, our author says, is of polished stone, and carved 
with figures, and that it took ten years to complete. 
Twenty years were spent in building the pyramid itself. 

This, Herodotus tells us, was 8 plethra, or about 808 
feet square, and as many high ; but this is not the case. 
The old Greek author probably measured up the slant side. 
The dimensions, as given by Colonel Vyse, are 764 feet 
length of base, 720 feet slant side, and 480 feet high. The 
theories as to the law on which tliey were designed will be 
considered hereafler. This huge mass of stone covers about 
13^ acres. It is said that Lincoln's Inn Fields was set 
out the exact size of its base, and it is about 150 feet 
higher than St Paul's, so that our English readers may 
fudge of its comparative size. As compared with the 
largest building in the world, St Petev^s, the great pyramid 
covers an area as 58 : 22, or nearly three times as much, 
and it is 50 feet higher, of course far the lofliest structure 
in the world ever piled up by human hands. Like almost 
all the pyramids, it faces the cardinal points, and is entered 
from the north by a descending passage, which leads to a 
few small chambers or cells, the largest of which Is but 17 
feet wide. In one of these a solitary sarcophagus was 
found. So this vast mass, on which the labours of 100,000 
men were bestowed for twenty years, which contains 100 
millions of cubic feet of stone, and which, reckoning quarry- 
ing, transport — twice by land and once by river— squaring, 
hoisting, and setting at 2s. per foot of our money, would 
have cost as much as has been hud out on the London, 
Chatham, and Dover Railway: this more than gigantic 
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Bgyptian work lA the tomb of one person on]y — ^a wondrous monu* 
Architeo- ment of human pride I 

^^'^ A second pyramid, close to the first, was buili by his 

^^'^>^^^ successor, whom Herodotus calls Chephren ; the inscrip- 
tions on the stones, however, give the name Sursuplits. 
The base of this measures about 60 feet less than the 
former. Its date is about 2083. About forty years after 
this, his successor, whom Herodotus calls Mycerinus, and 
the inscription Mencheres, built a third ; but the dimen- 
sions of tne base are only about 360, less than half tlie 
great pyramid; but this last was entirely faced with polished 
granite, while the others were of limestone. 

Canina {Architteiura Aniica, part L) has described 
altogether twenty large and twenty-seven small pyramids, 
some not more than 30 feet square. He imagines that 
they all had a propylon or entrance doorway, which Was 
closed by huge stones fitting close. They all seem to have 
been places of sepulture, with cells and winding passages 
like tnose described before. Some were built of unburnt 
bricks, but these are now only shapeless masses of clay. 

Such as exist are almost solid masses of masonry, whose 
bases are squares, and whose indined sides are nearly 
equikteral triangles: some of them are truncated, and 
some run up to a point. They are generally much injured 
on the surface by long exposure, so that it is impossible to 
say whether any of them were considered finished while in 
steps or receding courses, or if the angles were either filled 
up or worked off, to make smooth suHaces on the exterior. 
Some of them not only were made plain by working off, 
but reoudn so still; whilst others bear no indication of 
ever having been finished in that manner. In one exist- 
ing example, that of the great southern pyramid of Dashour, 
the angles of the receding courses have been wrought off; 
and it is singular that the blocks of stone are not laid in 
horizontal courses, but at an angle inclined to the base ; 
nor are its sides carried up to the top in, one continued 
plane, but at about two thipds from the base they incline 
towards each other under a more obtuse angle. 

It has been imagined, but not determined, that most of 
them have natural hills, either of earth or stone,, for cores, 
or rather that hills have been cut to the shape, and built 
over with large courses of stone to give them the appear- 
ance of being solid masonry. If this be the case, the 
chambers and the passages to them, which hai^e been dis- 
covered in some of the pyramids, have been carefully 
built around to have the appearance of being left in the 
construction, which is not very probable. 
Principles A great deal of trouble has been given to discover the 
of desigD. principles on which the Egyptians set out tliese erec- 
tions; the most reasonable theory is that each side was 
meant for an equilateral triangle, four of which laid sloping, 
and brought to a point, would compose the pyramid ; but 
neither the dimensions nor the angles aeree. It is true 
that the sides of the three great pyramids have an angle 
with the horizon of from 51^** to 62^°, or thereabouts ; but 
those at Abusir and at Saccara, as given by Canina, measure 
So°, at Assou 68°, while at Barkal, near Meroe, the angle 
is no less than 72^ At Dashoor the pyramid has a slope 
about half-way up of 53°, which afterwards is flattened to 
44^ At Meydoum is a pyramid in three great steps. 
Tombs. I'he great reverence paid by tlie Egyptians to the bodies 

of their ancestors, and their careful preservation of them by 
embalmment, necessitated a great number and vast extent of 
tombs. Some of these are built up like small houses^ 
others are caves cut in the sides of rocks, others are long 
passages tunnelled under ground to very great extent. 
The pyramids, however, seem particularly to have been 
the places of sepulture of distinguished men, at least in 
Egypt In Thebes there are no pyramids, and all the 
tombs are excavated in the solid rock* There is no great 
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pretence at architectural decoration in these, except the Egyptian 
propylon or facade; but they are filled with the most in- Arch i toe- 
teresting paintings, delineative of every possible subject, 
down to tne minutest incident of private life, which give 
more information as to their manners and customs Uum 
volumes could convey. A model of one of these sets of 
chambers was exhibited some years ago in London by 
Belzoni ; and at present there is a valuable series built up, 
and painted in fac-simile, in the Vatican at Rome. From a 
careful study, it appears, as soon as a king succeeded to the 
throne, the excavation of his tomb commenced, and this 
proceeded year by year — first a series of corridors and 
tlien square halls, some supported by columns, till, at the 
demise of the monarch, the work comes to an abrupt ter- 
mination. Canina has given plans and sections of several 
of the royal tombs, varying from about 80 to 120 metres in 
length, or extending firom 250 to 400 feet direct into the 
solid rock. 

Next in order the temples must be noticed. SirEgypti 
Gardner Wilkinson, in that excellent work. The Archi* temples. 
iecture fjf Ancient Egypt (8vo, London, 1850), gives a 
very full account of these edifices. From this work, and 
tliose of Canina, we find that the earliest temples were 
small, consisting of a simple chamber to hold the statue of 
the deity, with one opening or doorway iii fit>nt, through 
which the votary might look, and with an altar for sacrifice. 
This was a sort of sanctuary into which only priests might 
enter. It is curious that, tliough, with very few exceptions, 
all pyramids &ce the cardinal points, the temples stand in 
any direction which convenience may dictate. The build- 
ing was surrounded with a wall of brick forming a court or 
temenos, which was entered by a tall stone gate-way or 
propylon, not unlike the first temple of the Israelites, with 
its sanctuary and court. This enclosure was oflen planted 
with trees, which were, no doubt, the origin of the groves 
of Ashtaroth, Chemosh, and Milcom, which were the haunt 
of every sort of abomination, and which the good kings of 
Judah and Israel so zealously destroyed. 

In process of time these temples grew larger, and cham- Larger 
hers for the priests were added, and large door- ways, temples, 
flanked with a sort o^ towers with sloping sides (Plate II. 
fig. 6), and sometimes a sort of portico or pronaos (fig. 2), 
supported by columns. The vestibule, or oourt-yarc^ was 
surrounded by a colonnade (see fig. 4), and the propylon 
became of gigantic proportions, and was full of chambers 
(see fig. I, 4), all which are taken from the temple at 
Apollinopolis Magna or Edfoo, which will be shortly de- 
scribed. The sanctuary or oi;fco¥ (marked adytum, fig. 4) 
still contained the idol and its altar. Across the court, 
and, in iact, sometimes for an immense distance outside, 
there was a ^poj/bios, or avenue of sphinxes, through which 
the procession defiled. At the commencement of this 
avenue there was frequently an open or hypsethral building, 
or peristyle of columns, where it is supposed tlie processions 
assembled and were marshalled. This building is called a 
canopy by Sir Gardner Wilkinson. 

The last-named author classifies Egyptian temples thus : 
*— 1. Sanctuary Temples, or those with only one single 
chamber. 2. Peripteral Temples^ or the like, but sur- 
rounded with columns. 3. Temples in Antis, with a por- 
tico of two or four columns in front ; 4. With porticos of 
many columns, as Esn6, Dendera, &&, and many inner 
chambers. 5. The like, with large courts^ and with 
pyramidal towers or propylons in front. 

These images fi>rm so conspicuous a figure in Egyptian Sphinxes 
architecture as to merit remark. They all have the body 
of a lion, sometimes winged. Those with the head of a 
ram, or crio- sphinxes, are supposed to be dedicated to 
Amun (Jupiter Ammon); those with the head of a hawk 
are called Hierco-sphinxes, and are sacred to Re, or the 
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Ei^yptian gun ; while those with the human heads are called andro- 
Architeo- sphinxes, and are supposed to be intended to compliment 
the reignmg kmg or queen, the sphmx bemg the emblem 
of mingled force, swiftness, and wisdom. 

The largest of these sculptures deserves a few lines, as 
it shows what gigantic conceptions the Egyptian artists 
must have had. The body is that of a lion with a woman's 
head, and is crouched close to the ground. The height 
firom the floor or platform on which it lies to the top of the 
head is 100 feet. The total length is 146 feet ; across the 
shoulders it measures 34 feet. The head, from the top to 
the chin, is 28 feet 6 inches, and is calculated to be 40,000 
times the bulk of an ordinary human head. A small 
temple or sanctuary was built between its paws. With 
the exception of this, and the paws themselves, which are 
of masonry, the whole is carved out of the solid rock. Let 
us imagine one stone a little longer than the church of St 
Martin's-in-the-Fields, as high, and about half as wide. 
Such a block would represent the body ; while tlie tower, 
up to the height of the clock, would represent the head and 
neck. 

Having passed through the avenue of sphinxes, we come 
to the propylon, or gate, at the main entrance. The one 
at Edfoo (Plate II. fig. 1 ; see also plan, fig. 4) is about 50 
feet high, and is flanked by two massive towers 110 feet 
high. The whole &9ade measures, according to Canina, 
69 metres, or 230 feet, or about 10 feet higher than that of 
St Paul's, and 60 f^et more in length. Before the pro- 
pylon two obelisks are often found, and sometimes two 
gigantic seated figures; and, we gather from pictorial repre- 
sentations, there were also tall flagstaffs witli long streamers. 
The propylon at Edfoo is covered with a multitude of 
figures, all of colossal proportions, and some as high as 40 
feet. It is full of small chambers, story after story, sup- 
posed to have been intended for the priests or attendants. 
We then enter a magnificent court, 160 feet by 140 feet,' 
surrounded on three sides by columns 32 feet high, which 
leads to the pronaos or vestibule of the great hall. This 
measures 1 10 feet by 44, and has twelve columns, 34 feet 
high. From this we pass to the inner vestibule, or hypo- 
style hall, which is 70 feet by 44 feet. 

These halls are so called by Diodorus Siculus, because 
the middle ranges of columns, with the roof, &c.,are higher 
than the side parts, and admit light by a range of windows 
opening over the side roofs, something like the clere-stories 
of our cathedrals* 

After passing two small courts, we come to the most 
sacred part of the temple, the adytum, or shrine of the 
deity or deities to whom the temple was dedicated. This 
18 always a small building, without any light, except that 
which enters by the doorway. In this instance it measures 
only about 33 feet by 17 feet, or the size of a moderate 
drawing-room, while the whole edifice within the walls 
covers about as much ground as our St Paul's, 

But this temple is small, indeed, when compared with 
that at Kamak. This is about 350 metres long, by 110 
wide, and therefore covers 420,000 feet, |or five times as 
much as our St Paul's, and more than double the super- 
ficies of St Peter^s at Rome. The propylon here is 240 
feet long, or more than half as much again as St Paul's. 
The hypostyle hall is the most wondrous apartment in the 
world, being a parallelogram of about 342 feet long and 170 
feet wide. It has fourteen rows of columns, nine in each 
row, and 43 feet high ; and two rows, six in each, of the 
enormous height of 72 feet, 1 1 feet 6 inches in diameter, 
and carrying capitals which measure 22 feet across. This 
hall (with die two gigantic pylones) is said to cover 4000 
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superficial feet more than St Paul's. Beyond this is the Egyptian 
adytum or shrine, a small apartment, measuring only 26 Arehitee* 
feet by 16 feet. So inconsiderable is the place for the deity ^^'^V/ 
compared with the vast structure which surrounds it— a ^^^^v*"^ 
puny chamber, enclosed by buildings which cover ten acres. 

The Egyptian temples, without possessing tliac entire 
uniformity of plan which those of the Greeks do, are very 
similar in arrangement and manner. The larger and 
more perfect structures do not externally present the ap- 
pearance of being columned, a boundary wall or peribolus 
girding the whole, and preventing the view of any part of 
Uie interior, except perhaps the towering magnificence of 
some inner pylones ; of the lofty tops of an extraordinary 
avenue of columns, witli their superimposed terrace; of 
the tapering obelisks which occupy, at times, some of the 
courts ; or of a dense mass o£ structure, which is the body 
of the temple itself, inclosing the thickly columned halls. 
The immense magnitude of these edifices may perhaps 
have made them independent, in their perfect state, of 
considerations which have weight in architectural compo- 
sition at the present time, and on which indeed its har- 
mony depends. The various portions of the same temple 
differ in size and proportion ; and being intermingled, the 
cornices of the lower abut indefinitely against the walls of 
the higher parts, while the latter are not at all in accord- 
ance among themselves. 

The structure we produce to exemplify Egyptian archi- PI. II. 
tecture, though not, according to M. Champollion, one of 
the Pharaonic monuments, is perfectly characteristic of 
the style and arrangement of Egyptian temples, and is a 
more regular specimen than any other possessing the na- 
tional peculiarities. It is known as the temple of Apol- 
linopolis Magna, or of Edfoo, in Upper Egypt, on the 
banks of the Nile, between Thebes and the first cataracts. 

The plan of the inclosure behind the propylsea is a long 
parallelogram, the moles or propylcea themselves forming 
another across one of its ends. The grand entrance to the 
great court of the temple is by a doorway between the 
moles, to which there may have been folding gates, as the 
notches for their hinges are still to he seen. Small cham- 
bers, right and left of the entrance, and in the core of the 
propylsea, were probably for the porters or guards of the 
temple : a staircase remains on each side, which leads to 
other chambers at different heights. To furnish these with 
light and air, loop-holes have been ait through the exter- 
nal walls, which disfigure the front of the structure. The 
court-yard, cloister, or vestibule, has on three of its sides 
a colonnade, against the wall of the peribolus, forming a 
covered gallery. This, and the gradual ascent by corded 
steps to the great portico or pronaos, will be better under- 
stood by reference to the plan and section. The pronaos. Figs, da 4. 
or covered portico, consists of three rows of six columns 
each, parallel and equidistant, except in the middle, where 
the intercolumniation is greater, because of the passage 
through. The front row of columns is closed by a sort of 
breast-work or dado, extending to nearly half their height, 
in which moreover they are hidf-imbedded ; and in the 
centra] opening a peculiar doorway is formed, consisting of 
piers, with the lintel and cornice over them cut through, 
as exhibited in the elevation of the portico. From Uie ^g* ^ 
pronaos another doorway leads to an atrium or inner ves- 
tibule, consisting of three rows of smaller columns, with 
four in each, distributed as those of the pronaos are. 
Beyond this vestibule there are sundry close rooms and 
cells, with passages and staircases, whose intention is not 
obvious. The insulated chamber within the sixth door 
was most probably the adytum or inmost sanctuary, which 



^ All these measurements are reduced from Canine. 
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BygpUan may be supposed, in an Egyptian temple, to have contained 

.^hitee- ^ presentment of the divinity ; the rest is inexplicable. 

^^^"v. In many cases the temples are without the peribolus 

^^^^^^^ and propylaea, the edifice consisting of no more than the 
pronaos and the parts beyond it; and in others, parti" 
cularly in those of Thebes, this arrangement is doubled, and 
there are two pairs of the colossal moles, the second being 
placed where the pronaos is in this, and another open 
court or second vestibule intervening between them and the 
portico. In these the central line across the courts is 
formed by a covered avenue of columns, of much larger 
size than ordinary ; and the galleries around are of double 
rows of columns instead of one row with the walls, as in 
this case. The obelisks marked in the plan, and indicat- 
ed in the section, before the propylaea, occupy the situa- 
tion in which they are generally found, though they do 
not exist with this example. Colossal sedent figures are 
sometimes found before the piers of the gateway ; and firom 
them, as a base, a long avenue of sphinxes is frequently 
found ranged like an alley or avenue of trees from a man* 
sion to the park-gate, straight or winding, as the case may 
require. 

Fig. 3. The longitudinal section of the edifice shows the relative 

heights of the various parts, and the mode of constructing 
the soffits or ceilings, which are of the same material of 
which the walls ana columnar ordinances are composed : 
that is in some cases granite, and in others freestone. 

Fig. 2. The elevation of the pronaos shows also a transverse sec- 
tion of the colonnades and peribolus. It displays most of 
the general features of Egyptian columnar architecture $ 
the unbroken continuitv of outline, the pyramidal tendency 
of the composition, and the boldness and breadth of every 
part. The good taste with which the interspaces of the 
columns are covered may be remarked. Panels standing 
between the columns would have had a very ill efii^ct, 
both internally and externally; and if a continued screen 
had been mside, the efiect would be still worse, as the 
columns must then have appeared firom the outside ab- 
surdly short ; but as it is, their height is perfectly obvious, 
and their form is rendered clear by tlie contrast of light 
and shade occasioned by the projection of the panels, 
which would not exist if they had been detailed between 

Figs. 6 ft 7. the columns. The lotus ornament at the foot of the 
panels is particularly simple and elegant ; and nothing can 
be more graceful and effective than the cyma above their 
cornice, which is singularly enriched with ibis mummy- 
cases. The jambs forming a false doorway in the central 
interspace, are a blemish in the composition ; and they in- 
jure it very much by the abruptness of their form, and 
their want of harmony with anything else in it. It may 
be remarked, that the effect of the front generally is that 
of an excavation rather than of a structure, the end piers 
and entablature having a unity of purpose, which leads 
to the idea that the rest was similar, or the whole at first 
a plain wall aflerwards pierced and carved into its present 
form. This view of it would support the supposition tliat 
the excavations or hypogea are tne antitypes of columnar 
architecture. 

P2g, l^ The fi'ont elevation of the moles or propylaea, with the 

grand entrance between them, is peculiarly Egyptian ; and 
very little variety is discoverable between the earliest and 
latest specimens of this species of structure. It is an ob- 
ject that must be seen to be appreciated ; simplicity and 
an inherent iropressiveness in tlie pyramidal tendency are 
all on which it has to depend for effect, except magnitude, 
which alone would certainly make no agreeable impres- 
sion on the mind. The projecting fillet and coving which 
form a cornice to the structures, tliough large and bold, 
appear small and inefficient when compared with the bulk 
they crown ; and there is nothing particularly striking in 



the torus which marks the lateral outline and separates Egypitan 
the straight line of the front from the circular of tlie cor- Architef 
nice. Neither are they dependent for their effect on the ^ ^"'^y 
sculpture, for their appearance is as impressive at such ^'^^^'^ 
a distance as to make the latter indistinct, as when they are 
seen near at hand. The effect of the sculptures and hiero- 
glyphics generally on Elgyptian architecture is to enrich the 
surfaces, but not to interfere with the general fiirm of a 
structure, or even with the forms of its minor parts. 

A portion of the portico is given on a larger scale, to 
show more clearly the forms and arrangement of Egyptian 
columnar composition. The shaft of the column in this 
example is perfectly cylindrical. It rests on a square Pi^. 5 
step, or continued stylobate, without the intervention of 
a plinth or base of any kind ; and has no regular vertical 
channelling or enrichment, such as fluting, but is marked 
horizontally with series of grooves, and inscribed with 
hieroglyphics. The capitals are of different sizes and 
forms in the same ordinance. In this example the capital, 
exclusive of its receding abacus, is about one diameter of the 
column in height Its outline is that of the cyma, with a re- 
versed ovalo fillet above, and its enrichment consists princi- 
pally of lotus fiowers. The capital of the column next to Fig. 2. 
this, in the firont line, is much taller, differently formed, and 
ornamented with palm leaves; the third is of the same 
size and outline as the first, but differently ornamented ; 
and the corresponding columns on the other side of the 
centre have capitals corresponding with these, each to its 
fellow, in the arrangement Above the capital there is a 
square block or receding abacus, which has the effect of a 
deepening of the entablature, instead of a covering of the 
columns when the capitals spread, as in this case. In the 
earlier Egyptian examples, however, in which the columns pi. r. 
are swollen, and diminished in two unequal lengths, the Fig. 7. 
result is different, and the fiirm and size of the abacus 
appear perfectly consistent. The height of this column Pi. n. 
and its capital, without the abacus, is six diameters. Fig. 5. 
The entablature consists of an architrave and cornice, 
there being no equivalent for the frieze of a Greek entab- 
lature, unless the coving be so considered, in which case 
the cornice becomes a mere shelf. The architrave, in- 
cluding the torus, is about three-quarters of a diameter 
in height, which is half that of the whole entablature. 
The architrave itself is in this example sculptured in low 
relief, but otherwise plain. The torus, which returns and 
runs down the angles of the building, is gpracefully banded, 
something like the manner in which the fasces are repre- 
sented in Roman works. The coving is divided into com- 
partments by vertical flutes, which have been thought 
to be the origin of triglyphs in a Doric frieze ; but these 
are arranged without reference to the columns, and are 
in other respects so totally different fit)m them as to give 
but little weight to the suggestion. The compartments are 
beautifully enriched with hieroglyphics, except in the cen- 
tre, where a winged globe is sculptured, surmounting 
another on the architrave, as shown in tlie elevation of the 
pronaos. The crowning tablet or fillet is quite plain and 
unornamented. Angular roofs are unknown in ancient 
Egyptian buildings, and consequently pediments are un- 
known in its architecture. 

These are common in Egypt, and many very large Rock h.u» 
Some writers have supposed the cave or quarry was, in Temples 
fact, the original of all temples. Sir Gardner Wilkinson 
has, however, proved the contrary, fix)m the simple fact 
that there' are architraves over the columns, which sup- 
port the rock above, evident imitations of beams in con- 
structed buildings, but which are of course unnecessary 
in this method of construction. No rock temple, our 
author states, dates so early as those which are built. Our 
author classifies these temples thus: — I. Svnple sanctu- 
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arieSf or small square chambers^ with a plain door. 
2. In antisy with pilaster and two columns in front. 3. 
Hall TempleSy with one or more halls supported by columns 
or by caryatides, and with or without a portico. At Aboo 
Simbel there are two large halls, three aayta or shrines, and 
six other chambers, besides corridors. In front are four 
gigantic colossi in a sitting position. In some instances, as 
at Sabora, the sanctuaries are excavated in the rock ; while 
the courts, porticoes, &C., are built out in front of them. 

It is believed the kings inhabited parts of these temples, 
and that the huge halls above described were used for 
the purposes of state. An immense mass of buildings. 
Labyrinth, however, Called the Labyrinth, has been mentioned by 
Herodotus as the palaces built for the twelve kings, who 
ruled in the time of King Josiah, or nearly 700 b.c. Ac- 
cording to the description of this author, this was as 
great a work and wonder as the pyramids themselves. 
It was close to Lake Moeris, and contained, in the time 
he wrote, 3000 chambers, half above and half below 
ground, besides immense halls, corridors, courts, gardens, 
&C. The roofs were wholly of stone, and the walls covered 
with sculpture. On one side stood a pyramid 40 orgyoe, or 
about 243 feet high.^ Denon doubted whether this de- 
scription was at all correct ; but subsequent investigations 
have so confirmed the truth of the representations of the old 
Greek traveller that there can be but little doubt of the 
accuracy of his description of what he saw, and he always 
has the candour to tell us whenever he relates anything 
from hearsay. Sir Gardner Wilkinson, however, supposes 
he mistook the lake of Moeris for the canal, and is inclined 
to fix the locality of the Labyrinth near the pyramid of 
Howara. Subsequent investigations have proved this to be 
correct. It appears from the ruins that huge masses of 
buildings once occupied three sides of an open quad- 
rangle about 200 yards square in the inside, the two 
wings being about 300 yards long, and the third side about 
400, measured on the outside. The pyramid, as stated by 
the various authorities, occupied the greater part of the 
fourth side, and measured about 300 feet square. There are 
a multitude of small chambers in two stories, as described 
by Herodotus ; and Canina supposes there was a third story 
above these, supported on columns — a sort of open gallery. 
A small palace, however, at Medinet Abou, aeserves our 
notice. It is said to have been erected by Rhamses IV, 
(SethOs), about 1200 years before the Christian era, and 
supposed to be a summer-house or pavilion. 

The plan is very peculiar. In front are two pylons, each 
about 28 feet in front, and 50 feet high. These contain 
two ground chambers, which are only 20 feet by 8 feet. 
Two passages turning at right angles, probably for better 
defence, lead to the main building, which contains a saloon 
64 feet by 68, and 48 feet high; this is gorgeously painted. 
The pylons in firont, are covered with sculpture. The build- 
ing is three stories in height, with three rooms on each story. 
Of these little is known, except firora paintings found 
in the tombs. They seem, like the houses in the Laby- 
rinth, to have been in two stories, with an open gallery 
at tlie top, supported by columns probably of wood. 
The larger houses consisted of rooms ranged round three 
sides, and sometimes four, of a large court-yard planted 
with trees, and with a tank, and perhaps a fountain in the 
middle. There was an entrance porch, on which are hiero- 
glyphics, being, as Sir G. Wilkinson supposes, the name of 
the inhi^itant. Still larger houses are supposed to have had 
two courts — the outer, in which to receive visitors, the inner 
for the females of the family. Smaller houses, particularly 
in the country, had a similar court, wid) granaries and store- 
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rooms below, and living apartments above, like those of the Bgyptian 
modern Fellah in Egypt, or the small vigna houses in Italy. '^^^*^' 
The roofs seem to have been flat, like those of the modem *""" 
Egyptians; and the houses appear, from a paindng found at 
Thebes, to have been ventilated in the same way as at 
present, by the contrivance called a mu/Ai^ or wind- 
shafl, over which are two screens, like large square fiins 
back to back, bending forward each way to catch any air 
that may chance to be stirring, and direct it down the shafi 
into die house. 

The statues also bear the same enormous proportions. 8tatae«. 
Canina makes the sitting figure of Memnon 16 metres, or 
53 feet; and that in the sepulchre of Osymandyas 18 metres, 
or nearly 60 feet high. The face of Memnon is 7' feet 
high, and its ear 3 feet 6 inches long, and it is nearly 26 
feet across the shoulders. If a figure of these proportions 
were supposed to be standing, and its arm to be stretched 
upwards, it would touch the underside of the gallery of 
the Duke of York's column. 

Obelisks. — These astonishing objects are peculiarly 
Egyptian. They are generally huge monoliths of red granite 
or syenite. Their use originated no doubt in the custom of 
setting up a stone to commemorate some pardcular event« 
The Egyptians seem to have improved in this idea, first, by 
working these stones to a fine fiice, and afterwards by 
covering them with carvings. They stand sometimes singly, 
as the fiunous Cleopatra's needle, but more fi*equendy in 
pairs before the propylon of the temples, as at Kamak, 
Philae, and Edfoo (see Plate II. fig. 3). After the con- 
quest of Egypt, the emperors seem to have delighted in 
transporting tliese monuments to Rome. At the dme the 
celebrated Regionaries (accounts of each of the wards or 
Regiones of Rome) were written, there were six great obe- 
lisks, and forty- two small ones at Rome. Of these, twelve 
only are lefl, and they vary in height from over 100 feet 
to 8^ feet. It may be sufficient to describe the first, which 
now stands close to the church of St John Lateran. It is 
148 Roman palms in height, or a litUe over 108 feet Eng- 
lish, about 8 feet square at the base, and weighs, as is esti- 
mated, nearly 460 tons. It is covered with hieroglyphics, 
from which we gather it was erected in honour of Tothmes 
IV. the king who reigned over Egypt shortly afler the 
Exodus. It stood originally before the temple of Ammun 
Re, and was brought over by Caligula. This wonderful 
work must therefore have been in existence between 3000 
and 4000 years, and unless it should again fidl into the 
hands of savage invaders, is likely to endure quite as long 
as it has lasted. Each obelisk diminishes equally towards 
the top — that near the Lateran, -253 part of the base ; at St 
Peter's, '261 ; two at Thebes, *3; and the one near S. Maria 
Maggiore, *307, or nearly one-third. We may therefore 
assume the diminution from the base roughly at from one- 
quarter to one-third. 

The Barberini obelisk is about 7| times as high as the 
diameter of the base ; Cleopatra's needle, 8^ ; the one at St 
Peter's 9 times; at Luxor 10 times; at the Lateran 11 
times ; while two at Thebes, and one in the Piazza Navona 
at Rome, have an altitude of no less than 12 times the 
diameter of the base. 

The obelisks have no entasis or sweU from top to bottom 
like a column, but in almost all cases there is a slight con- 
vexity on the horizontal section of each face. The one in the 
Place de la Concorde at Paris has the peculiarity of being 
convex on one side, and slightly concave on the other. 

In all ancient examples, the small pyramid which covers 
the obelisk, is at least 1^ times as high as the diameter of 
the top of the obelisk in which it is placed. In modem 



^ Accounts of this Labyrinth are given by Herodotus, ii. 148; Diodorus, I. 61; Strabo, zvii. 1; and PUny, zzvi. 13. 
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examples, the pyramidion is almost always too flat, which 
gives a very bad effect. 

The excellent author we have so often quoted has 
classed the columns of this style into eight orders. First, 
The square piilar^ or post of stone. This is sometimes paint- 
ed, or otherwise ornamented in devices (see Plate I. ng. 6.) 
Second, The polygonal column, plain or fluted (see the same 
fig. left column). This oflen has a line of hieroglyphics 
running down it vertically. Thtrd, The 6tMf capital, or one 
formed like the bud of the papyrus. In this there are three 
varieties, the oldest, from Beni Hassan, is composed of four 
plants bound together by a sort of necking of fine bands 
under the buds, the columns coming down straight to the 
plinth. Then there are columns of eight similar shafb, and 
these generally turn in at the bottom. Afler the reign of 
Amunoph III., simple round shafls came into use. The 
next variety is composed of similar shafts, capitals, and 
neckings; but there are similar bands or necking on the bud 
itself, and a sort of short rods or reeds, descending vertically 
from the neckings on the sides of the column. The third 
variety has a single circular shafl, without any indication of the 
united water-plants, but still with bands round the necking, 
and the capital itself. In these two last varieties the lower 
part of tlie shaft is generally ornamented with a sort of sheath 
or spathe, resembling the lower part of the water plant 

In the fourth order the capital is like an inverted bell. 
It formerly was called the lotus capital, but in reality it has 
no resemblance to that flower. The capital is much under- 
cut, so much so that the ornaments on its edge are not 
visible, except a person is nearly under them. 

The ^fifth order of Sir Gardner Wilkinson is the palm- 
tree column, and resembles the head of that tree, supposing 
the lower or drooping boughs to be cut off. The neckings, 
like those of tlie preceding styles, are composed of five 
bands, but have the peculiarity of a piece hanging down 
like a knot at the end. These columns are found as 
early as the time of Amunoph III. In the times of the 
Plolemies, the shafts came straight down to the plinths, and 
were not drawn in at the bottom, as in the earlier periods. 

The sixth order is called the Isis-headed order, the capital 
being formed of one or more heads of that deity, surrounded 
by a representation of a doorway, or small shrine with an 
image, and sometimes a votary worshipping placed over it. 
At Denderah the faces, exclusive of the head-dress, are five 
feet across. Sometimes the Isis head is formed on a square 
or polygonal column. Sometimes the head is that of Athor, 
the Venus of the Egyptians. In this order also our author 
includes the capitals at the tomb of Rhamses III. at Thebes. 
These are the heads of cows painted blue and red, and with 
long reverted horns. 

The seventh order is called the composite order. The 
shafts are generally round, and the capitals are, as its name 
imports, a mixture of styles. The bell and palms are fre- 
quently found in combination. Another favourite mixture 
is that of the palm over which is the Isis head. A most 
curious instance is ranked under this style, of columns of 
tlie third order with inverted shafts, and also inverted capi- 
tals, taken from Kamak, the work of Tothmes III. 

The eighth order is called the Osiride, from the statue 
of that deity. (PUte I. fig. 6). This order is something 
like the Persian, or Caryatides of the Greeks and Romans; 
but it differs inasmuch as the figure does not support the 
entablature, but stands in front of a square pier which dis- 
charges that duty. This order is sometimes used in the 
courts and sometimes in the halls. Grotesque figures of 
Typhon are found in a building called the Typhonium at 
Barkal. These, however, partly support the entablature 
with odd-shaped caps. 

The following list of heights, diameters, intercolumna- 
tion, &c, selected from those given by Canina and Sir G. 



Wilkinson, is given as showing at one view the peculiariUes Jewish 
oi the various styles ; they are in feet and inches : — Architec- 
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Height 


Diameter. 


Inter- 
cohunniaiion. 


Beni Hassan, square, • 


18-4 


8*8 


61 


Do., polygonal, 


16-8 


3*7i 


10-6 


Do^ four reeds, 


16 


2-4 


7-2 


Rarnak, bud capitaJ, 


1811 


8-8 


6-6 


Do., side colonnades, do., 


39 


9-6 


94 


Do., central, fourth order 


60-3 


11-8 


12-6 


Memnoniam, do., do., 


29-4 


7-2 


7-2 


Do., side do., do.. 


22*10 


6-8} 


87 


Denderah, sixth order, 


43*2 


8 


8-5 


Esn6, seventh order, . 


291] 


5-9 


8 


Edfoo (see Plate III), do., 


43 2 


8 


8.6 



Pilasters. — These are employed in all ages, tliough they Pilaster 
do not always accord with the order of the columns. For 
instance, at Thebes the pilasters of the Temple in A^ntis 
of Dayr el Medeeneh are of the sixth or Isis-headed order, 
while the columns between are of the seventh or composite 
order. They are generally square, and without diminution. 

Entablatures. — These are nearly alike in all orders, and EnubU- 
may be described as a cornice and architrave without a frieze, tores. 
The former consists of a fillet or regula, beneath which is 
what is generally called a large hollow or cavetto ; but in 
reality the upper half is a quarter round, and the lower nearly 
straight. Under this moulding isa bold torus which separates 
the cornice from the architraves, and runs down the sloping 
sides of the angle of the building to the ground. The 
cornice is generally ornamented with divisional vertical 
lines, like trygliphs. (See Plate 11. fig. 5). Between 
these the cartouches or ovals o^ the reigning monarch, 
or other devices, are carved. The centre is generally oc- 
cupied by the winged globe, or emblem of the Good 
Dsemon. The torus is often ornamented as if strings were 
bound round a bundle of sticks, like thefoMces of a Roman 
lictor. (See fig. 6.) On the upper part of the smaller 
cornices there is oflen a row like the antifixes of a Greek 
temple, but their form is peculiar (see fig. 7), and is sup- 
posed to represent the pots in which the mummies of the 
sacred cats and ibis were preserved. The architraves are 
plain, without being broken into fiurise, and are generally 
covered with hieroglyphics. The plinths are often beauti- 
fully carved. (See i^. fig. 6.) 

Roofs. — These were always flat, formed of long stones Roofs, 
reaching from column to column, or from wall to wall, as the 
case may be. The joints were grooved, and strips of stone 
carefully cemented therein to keep out the riun ; for our 
author, to whom we are so much indebted, tells us that 
though showers only fell five or six times in the year, yet 
sometimes there is heavy rain for hours, and now and then 
violent storms occur. As the ceilings were almost always 
painted in distemper, of course it was of great importance 
to keep out the wet. 

Materials— These were mostly those of the country, iiaUriai^ 
either sandstone or limestone. Granite seems to have been 
kept for statues, sarcophagi, &c. In fact, it is said there is 
but one temple in all Egypt of that material. The bricks 
seem almost always to have been merely sun-dried. 

As will be shown hereafter, the Egyptians were acquainted 
with the use of the arch, but^ like the Greeks and Hindus, 
preferred the level architrave, whether from the same prin- 
ciple as the latter, who say, *' The arch never sleeps," or 
whetlier it was matter of taste, is doubted. 

Jewish Architecture, 

The long sojourn of the Jews in Egypt, and the fiut that Jewi5)l) 
their chief employment there seems to hisve been tlie manu- arehitec 
facture of bricks, must have made them acquainted with the ^^^' 
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Jewish architecture of that country, probably the noblest in the 
Architec- world. If we accept the date of the Exodus as b.c. 1491, 
v^!"'!!^ all the great pyramids must have been finished long before 
^^*^''^*^ the "going out of EgypL" The works at Beni Hassan 
and Hetiopolis, the temples to Phtah at Memphis, and of 
Ammonat Thebes, that of Thothmes III. at Eilethiya, and 
of AmenseSy his wife, at EI-Assasif, must have been com- 
pleted ; and the vast edifice at Karnak, which was begun 
forty years previously to the Exodus, must have been in a 
very advanced state. Of course, the long wanderings in 
the wilderness, the nomad life, and the dwelling in tents, 
would do much to dissipate these remembrances, especially 
as the holy Temple itself was a tabernacle of boards and 
rails, and the sacred courts enclosed by pillars and curtains, 
the gates being hangings, and the altar itself of wood (ex- 
cept the necessary ash-pans and other works relating to the 
fire), and capable of bemg carried on staves of shittim wood 
overlaid with brass.' 

On the conquest of Canaan, the Israelites seem to have 
taken possession of the dwellings of the vanquished people ; 
and we have no record of any important building constructed 
by the Jews till the days of Solomon. There must, how* 
ever, have been some large edifices in the country, for we 
read that, at the destruction of the house of Dagon by 
Samson, he slew more Philistines at his death than he had 
done in his active and warlike life; and he had judged Israel 
more than twenty years.' 

It is true that Joshua had erected an altar in Israel, but 
this was only of twelve stones, each no larger than one man 
could carry.' He also built another altar of whole stones 
on Mount Ebal, on which the law was inscribed ;^ and a 
third, an altar of testimony ;* but this, we are expressly told, 
was not for burnt-offering, nor meat-offering, nor even for 
peace-offering, ^' unless the Lord require it." It was simply 
a monumental testimony. Some have thought, where there 
was an altar, there must have been residences for priests ; 
but as the Tabernacle at that time was pitched at Shiloh, 
and afterwards was moved firom place to place, this does not 
seem to follow. At any rate, we have no account of any 
such buildings. 

At the establishment of the kingly government it b plain 
that Saul had a house.* That David also had a house, with 
a flat top, on which people might walk, is also clear ;^ and 
that this^house was only of wood (cedar), we learn firom the 
same book." From the same passage we also learn the 
strong wish of this king to build a proper house for the ark 
of God, then dwelling " within curtains." Whether these 
houses had been built by the Jews, or whether they were 
those of the expelled Canaanites, does not appear. 

The piety of Solomon seems to have inauced him to 
carry out his father's wishes, and we find^ that at so low an 
ebb was the art of building, that the Jews did not even 
know how to hew timber properly.*^ The king therefore 
sent to Hiram, king of Tyre, with whom it appears he was 
on very firiendly terms, and that monarch appears to have 
sent him an architect and staff of skilled workmen. Mate- 
rials were collected for the building, and careful accounts 
of the whole work are given, both in the Books of Kings 
and of Chronicles. 
) pinion of An immense deal of erudition has been bestowed on the 
subject, and, in particular, by the Spanish Jesuit Villal- 
pandus, who wrote a work filling three large folios, to prove 
the design was the work of the fingers of the Almighty 
himself, and that the order was a species of Corinthian, 
palm leaves forming the foliage on the capitals instead of 
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the acanthus leaf, but having on the frieze the very anoma- Jewbh 
lous ornament of Doric triglyphs. There is a very curious ArchUeo- 
book in that Talmudical collection the Mishna^ called the ^^®' 
Middothf and which is supposed to have been written about "^^^^^ 
the time of the Antoninus, and which treats of the Temple 
and its dimensions. On this book Dr Lightfoot and other 
Hebraists have expended a vast amount of learning. Later 
than this, is the work of Wilkins, who wishes to prove that 
the first temple was of Greek Doric architecture, of massive 
design, mucn like those at Psestum. The most rational 
theory, however, seems to be that of the late Luigi Canina, 
of which we shaJl give a short epitome. 

The Scriptures describe tlie early temple as a building Scriptural 
of stone, roofed and floored with cedar, the work all being descrip- 
prepared at. a distance and fixed in its place, so that no ^^<^°* 
noise of hewing timber or cutting stone was heard. It ap- 
pears to have been a simple rectangular building under one 
roof, and divided into two parts by a wall, in which was an 
open door, generally covered by a curtain or " veil." The 
dimensions (which appear to have been given in the clear 
or exclusive of walls), being 60 cubits'^ long, 20 wide, and 
30 in height, or about 110 feet by 36 feet, and 55 feet high. 
Compared with the new church in Euston Square, the temple 
itself would have been about 7 feet shorter and 20 feet nar- 
rower, but 15 feet higher. It must, however, be remem- 
bered that none but the priests entered its walls. In front 
of this was a porch the same width as the temple (20 cubits), 
but only 10 cubits in depth. The description goes on to 
say, that in the house were *^ windows of narrow lights," as 
our version translates the words. The Hebrew*' seems 
rather to infer windows which were closed or secret. 
Rabbi Kimchi interprets the words, '* windows of a sloping 
form — wide within and narrow without." The Greek of 
the LXX.*' would seem to imply sloping secret windows, 
while the Vulgate*^ calls them simply oblique windows. 
But to this we propose to allude further on. 

Round the house— which, of course, must mean on three Priosu* 
sides only, as the porch occupied the firont — were the priests' ehAmb«r*. 
chambers, in three stories, one over the other, the lowest 
5 cubits broad, the middle 6, and the upper 7, — a passage 
which has puzzled most commentators, but which will be 
considered presently. On the right side was a winding- 
stair leading to the upper stories of chambers. The walls 
of the house, as well as the ceiling, were lined with boards 
of cedar. The joists of the floor seem also to have been 
of cedar ; but the floor itself was of planks of fir. The 
cedar was carved with '* knops" and open flowers. 

The house was, as has been said before, divided cross- Outer tem- 
ways into two parts — the outer temple and the oracle, or P^^ ^^^ 
Holy of Holies. The one was 40 cubits long, by 20, as be- ^'^l^* 
fore stated ; the other 20 cubits souare. The oracle had 
doors and door-posts of olive-wooa. The temple door- 
frames were of olive, and doors of fir, all being hung fold- 
ing. Both doors were carved with cherubim, palm trees, 
and open flowers. The entire fabric, even the floors, were 
gilt *' overlaid with gold." The account in the Book of 
Chronicles^* is substantially the same, except (a difference 
easily to be accounted for) that it says the greater house, 
i,e^ the outer temple, was ceiled with fir tree; and we 
gather also from the description, that the whole was roofed 
with tiles of gold : the nails were also of gold, and weighed 
50 shekels. In the oracle, of course, were the ark, over- 
shadowed by the cherubim, the tables' of the law, the can- 
dlestick, and other objects. There was also the altar of 
brass, the molten sea, about 18 feet across, supported on 



^ Exodus zzv., Ao* ' Judges xt., zvi. ' Joshua, chap. iv. * 76. chap. viii. ^ lb. chap. xxii. 23. 

* 1 Sam. xix. 9. * 2 Sam. xi. 2 ; zvi. 22. ^ /(. yn 2. * 1 Kings ▼. et $eq, ^0 lb. v. 6. 

1^ Oanlna makes the sacred cubit = '554 of a French metre, or 21*81 English inches, or not quite 1 foot 10 inches. 

'' ta'^aCK ^Tpv ^3^^r- ^' Bvttlmt fru^nvwrtuitpt u^tnrrit. ^* Fenestras obliqoM. ^* 2 Chron. ill. It., &c. 
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' Stripping it of all its utensils and ornaments and then 
-ying off die bronze pillars and the gold covering. The 
\& of the city were demolished, and the whole people 
i ied into captivity by the victorious Chaldeans. 
. 11 the time of Cyrus the temple was rebuilt ; and though 
erection of any such edifice was matter of joy to the 
-ng men who had never beheld the former building, the 
men, who remembered the ancient temple, wept when 
y saw how inferior it was to the first : in their eyes '*it 
> as nothing."* 

Frbm Flavins Josephus* we learn that Herod demolished 
ts building, and began a third temple, hoping to rival 
e glories of the first. His edifice must have been very 
agnificent. The ground was first levelled and the foun- 
.lion laid, immense substructures being made by the 
!e of the rock to obtain sufficient room. The temple 
elf seems to have been of exactly the same dimensions as 
xx. of Solomon. The outer house, 40 cubits long — and 
c holy of holies 20 cubits ; but it was nearly double the 
:ight of the first temple. The porch, also, instead of being 
'le width of the house, 20 cubits, was 100 cubits long 
id 100 high, crossing die temple in the form of a T, and 
orming a magnificent facade much longer than that of St 
'-^aul's in Liondon. Round the house were three stories of 
priests' chambers also like those about the old temple. It 
-tood in a court in which was the altar of burnt-offering, 
-•urrounding which were chambers for various purposes. 
The court had three entrances on each side, which were 
called respectively the water-gates, the fire-gates, and the 
oblation-gates. But the pecul iar difference between Herod's 
temple and the earlier building was that, in front of the 
court last described, was another of about the same size, 
surrounded by a colonnade and chambers, which was the 
place set apart for the women. These courts were sur- 
rounded by an outer court, having a species of cloister on 
the nordi, east, and west sides, composed of a double row of 
columns. On the south side was a similar construction a 
furlong in length. It consisted of three rows of columns, 
forming, with the outer wall, three aisles — the two outer 
being 30 feet wide and 50 feet high ; the centre being 45 
feet wide and 100 feet high — ^no doubt with a species 
of clerestory. These columns are described to have been 
so large that it took three men with extended arms to 
span their circumference. The outer court was elevated 
six steps above the surrounding country ; the inner courts 
stood on a sort of plateau, with retaining walls and parapets 
roundy which was ascended by fourteen steps ; this was on 
the level of the women's court. Between this and the 
inner court was a gate called that of Nicanor, in firont of 
wliich was a semicircular flight of fifteen steps. The temple 
itself was entered by a flight of twelve steps, so that its 
floor must have been between 20 and 30 feet above tlie 
ground of the surrounding city. The whole was built of 
the most beautiful white marble. Some of the blocks were 
of the gigantic size of 47 feet by 22 feet, and 14 feet thick, 
and must have weighed 900 tons, while the lajl^st at 
Stonehenge is estimated only at 42 tons. The wsnt of. 
the temple was entirely gilt The sight firom a distance, 
aur author says, was dazzling to the eyes like looking at 
snow. On the roofs were pointed ornaments, like crest- 
ridging, to prevent the birds settling, which were also gilt. 
The candlestick, altar, and other ornaments and utensils, 
were exactly those of the old temple, and most of them are 
sculptured on the arch of Titus at Rome, as borne in 
triumph by that Emperor, and they exist to this day. 
lomon's ^^ ^^^^ ^° ^< Vm% Book of Kings, that Solomon built 
lace. the '' house of the forest of Lebanon"' — *' his house where 



he dwelt,* and a house for Pliaraoh's daughter."' Some Jewish 
have supposed these to have been three distinct palaces, but Architec- 
Canina considers them as all connected and as three parts ^'^^^ 
of one large structure. The house of the forest of Lebanon '''*^/^^ 
— so called, in all probability, firom the cedar of which it 
was constructed — is described as being 100 cubits long, 
50 wide, and 30 high.* It had four rows o^ cedar pillars, 
or, as the Vulgate more correctiy renders it, four " ambula- 
tories,"^ formed by three rows of cedar columns, fifteen in 
each, or forty-five in all, with cedar architraves, and covered 
with cedar. This Canina restores as an Egyptian haJl, 
lighted, as described by Vitruvius, with a portico in front 
o\' 50 cubits by 30. The great hall, he supposes, led on 
one side to the palace occupied by the king, in which was 
the hall of judgment and the throne, and on the other side, 
to the queen's palace and the women's apartments, or, as it 
has been called in later times, the harem. The porticoes 
and hall seem to have been of cedar, but the houses were 
of " cosdy stones, even great stones."® 

With the exception, perhaps, of some relics of ancient Other 
walls, it is supposed no part of old Jerusalem is extant, so Jewish re- 
complete was the destruction. There are, however, some ™*i°*- 
objects generally considered to belong to Jewish times, 
that should be mentioned. There are, first, what are called 
the sepulchres of the kings of Judah. These are a number 
of sepulchral chambers hewn out of the solid rock, and con- 
taining sarcophagi. They vary firom 10 to 20 feet square, 
and are entered by a portico in antiSy exactiy like the 
tombs at Beni- Hassan, about 40 feet wide. There are 
two columns and two pilasters in firont, of Greek Doric 
character, about 13 feet high. The most curious feature 
is, that on each side, running down 4 or 5 feet, and over 
the columns horizontally, is a broad band, about 3 feet 
wide, richly sculptured with foliages. Above this last, 
quite independent of the lower construction, is a regular 
Doric architrave and frieze, of a character between Grecian 
and Roman ; this is ornamented with triglyphs, paterae, and 
foliage. In front of the portico is a large court-yard, about 
100 feet square. 

In the valley of Jehoshaphat, near Jerusalem, are three 
extremely curious relics; two stand alone* on platforms 
excavated from the rock, and the third is scarped into the 
rock itself. The first is called the tomb of Absalom. It is 
a square building with a solid wall, in which are engauged 
Ionic columns, about 13 feet high ; over this is a Doric 
entablature with triglyphs, and an altar, surmounted by a 
very curious sort of hollow-sided cupola of trumpet-mouth 
section, and a terminal. It is no doubt intended to repre- 
sent the Arab tent. The whole, including the flight of 
steps, is about 60 feet high. 

Another similar building, of about the same size, is com- 
monly called the tomb of the prophet Zachariah. This is 
surmounted by a simple pyramidal roof. Beneath it is a 
handsome doorway leading to a sepulchral chamber. Over 
the ordinary classic entablature is the regular Egyptian 
cornice or torus, surmounted by a bold quarter hollow and 
fillet, exactly like those on the Propylons of Egypt, which 
have been described before. 

The third building is entirely rock cut, and consists of a 
large facade, about 90 feet wide and 100 feet high, and is 
reportea to be the place to which the apostles retired 
before the siege of Jerusalem. Below is a plain face, about 
45 feet high, on each side of which are wings with two 
pilasters, both running up to the top of the building. 
Between these is a sort of portico, about 40 feet wide, with 
columns and pilasters, of nearly pure Grecian Doric There 
are also several other rock-cut tombs or sepulchres scattered 



1 Haggai ii. 8. > JoMphos' Jewish Antfqaities, zr. 11. '1 Kings vii. 2. « lUd, r, 8. & Ilnd, 

^ About 180 feet by 90 by 64 feet. A boat tbe same saperficial oontenti as Westminster Hall. 7 «< Deambulacra." ^ IlHd, v. 9. 
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Indian about in the neighbourhood of Jerusalem, but none of 
Arehitec- which possess much architectural interest. One is called 

tare. ^^ sepulchre of Jehoshaphat. 
^"^/^^ From the character of the architecture, it is impossible 
that these buildings should have anything like the age 
ascribed to them. The Ionic capitals are evidently Roman, 
and therefore cannot date earlier than the conquests by 
that people ; probably they are of the time or Herod ; 
while the Egyptian cornices show that the traditional orna- 
ments of that people had not been entirely forgotten. 
Besides this, the general plan of a temple, in aniis, scarped 
into a rock, so entirely resembles the worlc at Beni- Hassan, 
that it is impossible to deny these very interesting remains 
strongly corroborate the views of Canina, that the archi- 
tecture of the early temples, if not purely so, was at any 
rate based on the architecture of the Egyptians. 

Indian Architecture, 

Buddhist The late researches of the Royal Asiatic Society, 
^^''•c* and their published works, particularly that of Ram Riiz, 
who was a learned native of the Carnatic, and afterwards 
one of our native Judges at Bangalore, in the Mysore ; 
and still more so the works of Mr Fergusson, have 
thrown a great and unexpected light upon the history 
of architecture in the East The traditions as to the 
extremely remote antiquity of the rock-cut temples, 
the caves of Ellora, and the wonderful pagodas, have 
disappeared before the searching eye of critical investi- 
gation. In the time of Herodotus, as has been before 
stated, the Persians had no temples ; and even as late as 
that of Tacitus, the great Indo- Germanic races '* would 
not confine their gods within walls." In the emphatic 
words of Mr Fergusson, ** throughout the Vedaa there is no 
allusion to temples, nor to images, nor indeed to any public 
form of worship. Every man stood forth -in the presence of 
his God, and without intercessors offered up his prayers with 
the prescribed form." This religion is generally known as 
Brahminism. About the period of the foundation of 
Rome, the first of the Buddhas seem to have commenced 
a perversion of the ancient faith. The struggle seems 
to have gone on for years, till three quarters of a century 
after the time of Alexander the Great, about 250 years be- 
fore the Christian era, when a powerful ruler named Asoka, 
a grandson of Chandragupta, who is supposed to be the 
Sandracottus of the Greek writers, abjured Brahminism, 
and made Buddhism the religion of the state. About this 
period the building ti>pe8, or sihupasy commenced. These 
at first, we are told, were sthambas — that is, simply mono- 
liths — or were Lats^ pillars, which were built up in several 
pieces. Before this we are told no Indian building or in- 
scription exists. 

These topes are at first supposed to have been set up to 
commemorate some event, or to show the spot was sacred ; 
but after a time they seem devoted for the purpose of con- 
taining relics, such as the tooth or collar-bone of one of the 
Buddhas. a\fler a time a number of these topes took the 
form of large towers. The relics seem in some cases to 
have been preserved in a sort of box or case at the top of 
the tope, called a tee ; in others, in regular relic chambers. 
Where there were relics, the place was called dagoba^ or 
relic shrine, from whence, perhaps, our phrase pagoda is 
corrupted. 

Otner topes took the form of hemispheres. One of 
these, the Sanchi tope, is given by Mr Fergusson. The 
diameter is 106 feet. It has a curious species of gate en- 
trancci and is surrounded by a stone fence. Others are 
partly cylindrical, and finished with either a flat circle, or 
pointed terminals like a dome at the top. 

Our author tells us that the next two dasses of Bud- 



dhist architecture are tlie temples (Chaityas) and monaste- Indian 
ries (Viharas), but that no bu^ examples exist in India. Archit«c 
They are, in fact, rock-cut caves. Of these at least one ^*"'* 
thousand are known — one-tenth probably Brahminical or ^"^^ 
Jain, the rest Buddhist. Of the monasteries, twenty or R<>ck-cat 
thirty only are believed to exist. The series is said to be '*'«"»P^«* 
uninterrupted from the first by the grandson of Asoka, 200 
years before Christ, to those at Ellora, which, strange as it 
may seem to our ears, instead of being of an almost Dilu- 
vian antiquity, as has generally been reported, have fNroved 
to have been the work of Indira-dyumna, as late as about 
the time of our Norman Conquest. One of these cave- 
temples at Earli, presents exactly the features of a Roman 
basilica, or early Christian church. It has a circular end 
or apex, and is divided into three aisles by two rows of 
columns. Others are simple square buildings, with a circu- 
lar or oval chamber at the end entered by a small door. 
The viharas or monasteries seem generally to have been 
square caves supported by pillars of the natural rock left 
in their places, and surrounded by a number of small 
sleeping places or cells. 

But the most wonderful excavations are those at Ellora. Cavei at 
These are a series of hypogea or caves sunk in the solid ^lor^* 
rock, and extending a distance of between three and four 
miles. Canina has given plans and interior views of six 
of these caves. These, called Parasova Rama and Diajan- 
nata, are simply halls supported on massive piers with level 
architraves. The piers are richly carved with figures and 
friezes, and have a sort of cushion capitals, and square 
abaci, and stand round, forming a sort of atrium. That 
called Indra has a court open to the sky, in which is a small 
shrine or temple. In the solid rock are two halls similar 
to those above described, a larger and smaller. By some 
this has been supposed to be Jainiti. At Tin Tali, the 
piers are quite plain. At Visovakarmalla is a quadrangle, 
open to the sky and surrounded by pillars. This leads into 
an atrium with three aisles and an apsis, and is exactly like 
a basilican church. But the greatest wonder of all is the 
collection of chambers and halls called the Kylas,or Kailasa. Tfa« Kt.&.< 
These are sunk into the rock, and occupy a space of 270 
feet deep and 150 feet wide. Of course, the roofs are solid 
rock, supported by pillars, or rest on the walls, or other 
division of the assemblage of chambers. There is a porch, 
on each side of which are two columns. This conducts 
into a hall, supported on 16 such columns, and leading into 
a sort of adytum. Round this is passage space and five 
chambers. The whole forms a temple, witn its usual ap- 
pendages, just such a one as would be built on the ground, 
and round this a wide open space with a sort of colonnade or 
cloister round the whole. Great part is open to the sky, 
fi)r the sake of light and air, but tne work is entirely cut 
out of the solid. Two of the columns are given, Plate I. 
fig. 8. 

We shall not follow our author through the details of 
Buddhist architecture in Ceylon, Birmah, Java, Nepaul, 
and Thibet, furtlier than to state that examples are cited as 
early as 161 years before our era. In the latter country, 
the fiimous traveller, M. Hue, mentions a monastery which 
has accommodation for 15,000 lamas. In one of the 
monasteries outside the city of Lassa it is said there is a 
vast building, the residence of the chief Lama, who is 
there worshipped as a deity, consisting of five stories, sur- 
mounted by a dome covered with plates of gold. 

Under this head, Mr Fergusson describe the rocL-cut 
Raths at Mahavellipore. They are five stories In height, 
and are copies of the Buddhist monasteries, but used as 
temples. The Raths, in fact, our author think8» link the 
two styles, the Chaityas and Viharas, The wonderfid 
domical topes deserve, however, a passing notice. A dia- 
meter of 200 and 300 feet occurs not unusual ; while at 
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Indian Anuradhapoora the external diameter of the domes is 360 
Architeo- feet, or double that of St Peter's or the Pantheon at Rome. 
^^^Lj ^^^ R>vh)g an account of Buddhist architecture in 
\''^^\ Ceylon, Burouihy Thibet, and Nepaui, as before stated, 
JaniArehi-^r Fergusson enters on the subject of that of the Jainas, 
lectare. ^^ Jains* This was a sect which arose in the endeavour 
to re-establish Brahminism. It probably had been in 
existence for many years, but first seems to have acquired 
importance about a.d. 450. This sect rejects the doc- 
trines of Asoka, as also the practice of monasticism. The 
fiunous temple at Somnautli belongs to them. Mr Fer- 
gusson has given as an illustration of that built by Vimala 
Sah, on Mount Abu, as a type of the ordinary Jain 
temple. In the centre is a cell in which is a cross-legged 
figure of one of the twenty-four saints worshipped by this 
sect; in this case it is that of Parswanath. The cell is 
always terminated by a pyramidal roof. In front of this is 
a portico of 48 pillars, disposed much like a cross church 
with a dome at the intersection of the transepts. The 
whole is surrounded by a sort of cloister formed by double 
rows of columns, and a series of small chambers like the 
cells of a tnhara. But as the sect refuse monasticism, 
each cell is used not as a dwelling, but as a sort of small 
chapel, and contains one of their cross-legged deities. 
One of the peculiarities of this style is that richly- carved 
brackets spring from the pillars from about two-thirds of 
their height, and extend to the level architraves, forming a 
sort of diagonal strut to strengthen and support them. 
Domes. Our author goes at great length into the subject of 

domes, their invention and construction. It is his 
opinion that the Jains adopted the dome at a very early 
period, and he doubts whether the Buddhists ever used 
this species of construction. '*No tope," he observes, 
''has the smallest trace of such a structure, though ot 
domical shape outside, and the design of the rock-cut 
temples, with the upright supports, the raking struts, and 
the level architraves, have manifestly been deduced from 
timber construction.'' The Indian dome has no voussoirs 
radiating from the centre, as in European architecture. 
The courses are all horizontal, so that they are necessarily 
pointed in section, or they would not stand if circular. 
The Indian dome, however, has this merit, it requires no 
abutments, and has no lateral thrust. The pressure is 
entirely vertical ; and if the foundation be sound, and the 
pillars stout enough, there can be no failure. 

The leading idea of the plan of the Jain Temple is that 
of a number of columns arranged in squares. Wherever it 
was intended to have a dome, pillars were omitted, so as to 
leave spaces in the form of octagons. By corbelling over 
the pendentivcs in level courses the dome was gradually 
formed. Our author gives tlie plan, and a view of the 
temple at Sadree, a building as large as most cathedrals. 
This has the great number of 20 domes, varying from 86 
feet to 24 feet in diameter, and supported by 420 columns. 
The effect, we are assured, is highly pleasing and pic- 
turesque- 
Like moat architectural people, the Jains were also fond 
of tower-building. Mr Fergusson has given a perspective 
view of tlie Jaya Sihumba^ a tower of victory erected by 
Khumbo Rana, to commemorate the conquest over Mo- 
hammed of MaJwa, in 1439. It is nine stories high, the 
two topmost of which are open. The general outline is 
not unlike that of an Italian campanile, with pilasters at the 
angles, and an overhanging corbelled out top. It is richly 
ornamented from bottom to apex, and affords a very 
favourable idea of Indian art. The Jains are said to have 
constructed the Indian group of rock-cut caves at Ellora 
before described, but the point seems undetermined* 

None of these can be older than the 9th century of 
our era, when the Jainite religion was first revived. The 
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oldest exbting are said to be in Gugerat. Those on 
Mount Abu are said to date from a.d. 1030 to 1230. 
I'he Jains seem to have declined under the rule of the 
Mohammedans. No Jainite building b mentioned after 
A.D. 1500. 

The Hindoo architecture, no doubt, originally rose from 
that of the Buddhist's, and has been divided with those of 
the Arian or Sanscrit races of North India, that of the 
South or of the Tamul races, and that prevalent in the 
Punjab and Cashmere. Of the first and last we have com- 
paratively but little knowledge, but South Hindoo work is 
treated of at great length by Ram R4z, the native author 
before mentioned. The remains of the buildings are 
numerous, as the Tamul races were perhaps the greatest 
temple builders in the world ; and the whole subject has 
been so well elucidated by the author last referred, that its 
principles may be considered to be clearly ascertained and 
settled. 

This last branch has been chiefly illustrated by the Oathmere. 
drawings in Vigne " Travels in Cashmere," and those of 
Major Cunningham in his Memoir to the Asiatic Society 
of Bengal. The temple of Martund, reduced from the 
last-named author by Mr Fergusson, shows a cloistered 
court surrounded by pillars and cells, and entered by a 
porch. In the middle of this is a temple with a species 
of naos and pronaos. But the moit curious feature is a 
series of doors with acute pediments over them shaped 
very much like Gothic gablets, and containing trefoil 
arches. A similar feature occurs at Pandrethan, the 
latter built about a.d. 1000, and the former a.d 752. It 
seems by no means improbable that the pointed domes, 
these gablets, and trefoiled arches may have strongly 
a£Fected the architecture of the Saracens, and have given 
rise to that which we call Gothic. 

Of this style Mr Fergusson gives some extraordinary, 
and by no means elegant examples, as the black Pagoda at 
Kannaruc, and temples at Barolli, and' Benares. The chief 
features are a sort of entrance porch, sometimes walled, 
and sometimes carried on pillars called the nuptial hall, 
leading into a great pagoda, square in plan, and finishing, 
with a sort of tub-shaped dome. The ornamentation is 
profuse, so much so as to detract from the greatness of the 
design. The rock-cut caves of North India have been 
described before. There are no buildings in this style 
anterior to the Mohammedan conquest. The temple of 
Juggernath is dated a.d. 1 174, about the time of the Ellora 
caves, and the black Pagoda, a.d. 1236. 

We are told by Ram Riz that many treatises on archi- 
tecture, some say sixty-four, existed in India. The collec- 
tion he calls the Silpa Sdstrcu The most perfect of them 
he calls Mdnasdra^ This is imperfect, but our author says 
he had forty-one chapters of it in his possession. He also 
cites several others, one of the chief of which he calls Cas- 
y&pa. He gives an epitome of the former work, which is 
worth a short notice. In the first chapter it treats of the 
various measures in use in the country in the second it 
describes the sthapatiy or architect — the sdiragr^i^ or mea- 
surer, probably the surveyor or clerk of works, and then the 
various builders. Of the architect it says, " He should be 
conversant in all sciences ; ever attentive to his avocations ; 
of an unblemished character ; generous, sincere, knd devoid 
of enmity or jealousy." And further on he says, " Woe to 
them who dwell in a house not built according to the pro- 
|)ortion of symmetry. In building an edifice, therefore, let 
all its parts, from the basement to the roof, be duly con- 
sidered." Subsequent chapters treat of the religious rites 
necessary in commencing a building, one of which is find- 
ing the orientation, or rather the laying down a true 
meridian line, minute directions for the finding which are 
given, and a£Ford a high opinion of the mathematical know- 
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Chinese ledge of the Hindoos. The author of the Manasara then 
Architec- treats of pedestals, bases, pillars, and entablatures, the pro- 
portions of which, with sections of the mouldings, &c«, are 
as carefully given as in any treatise on classic architecture. 
In fact, it would almost seem as if the one were derived from 
the other. The Hindoo architecture seems to have no 
affinity with that of Egypt He treau of seven sorts of 
columns with their dimensions, of which the second re- 
sembles the Tuscan, the third the Doric, the fourth the 
Ionic, and the fif^h the Corinthian. It would be too long 
for our pages to follow our author through his various direc- 
tions for planning villages, towns, and cities ; we therefore 
proceed to his description of temples, of one of which, the 
Pagoda of TiriivaMr, a plan is given by Ram Riiz, with an 
isometrical perspective view. They generally consist of a 
large quadrangular court ; that before us measures over 700 
by 945 feet, with a lofly wall surmounted by a blocking 
course. The enclosure is always entered by gateways, sur- 
mounted by several storys, diminishing somewhat in a pyra- 
midal manner. These are called gopurcu. Our author 
gives designs for various species of these, varying from one 
to twelve stories in height, and very imposing stnictures 
they are. The next great feature of the south Hindoo 
temple is the choultries^ pillared halls, or covered spaces 
supported on columns. In the instance before us there 
are several, varying from small peristyles of four columns 
square, up to the largest, which has nearly 700 columns, 30 
feet high ; only about one half, however, is roofed. At 
Tinnevelly tl^e choultrie is on the east side of the entrance, 
and consists of nearly a thousand such columns. The same 
feature occurs at Chilianbrum. Within the front en- 
closure there is generally a second, and in this instance a 
third, also entered by gapuras. Within these enclosures 
are one, and sometimes two porches, called MarUapas, 
leading to the temple itself, usually square buildings. Mr 
Fergusson remarks, that while in other buildings the Hin- 
doos used a profusion of columns, they were very sparing 
of them in the mantapas^ adopting the use of struts and 
brackets, and even of iron, that they should be as open as 
possible. The next great feature is the Fimana, or temple 
itself. Of these Rkm Raz has given designs, varying from 
one to fifleen stories in height. These all partake of the 
pyramidal Ibrm of the gopuras, but are square in plan, 
while the latter are generally oblong. Mr Fergusson de- 
scribes that at Tanjore as having a base 82 feet each 
way, and as containing fourteen stories in all, nearly 200 
feet high. Our limits will not permit us to proceed further 
with the subject, we therefore refer the reader with pleasure 
and confidence to the works above cited, and to those of 
Kiitoe and of Daniell. 

Chinese Architecture. 

The buildings of the Chinese are very inferior in cha- 
racter to those last described ; in fact, Mr Fergusson goes 
so far as to say, '* China possesses scarcely anything worthy 
of the name of architecture." Sir W. Chambers has de- 
scribed one of the Buddhist temples, that at Ho-nang, 
which is not unlike those of India in arrangement. There 
IS an extensive court, with avenues of trees, leading to a 
flight of steps and ))ortico of fuur columns. In a second 
vestibule behind this are four colossal fi(;ures bearing various 
emblems. Beyond this is a very large second court, en- 
tirely surrounded by colonnades and small sleeping cells 
tor the priests or bonzes ; in other words, a huge cloister, 
much like the viharas before described. In the same ranges 
are four pavilions filled with idols, and large rooms for 
refectories, behind which are the kitchen, courts, &c. At 
the extreme corners of the grand court are four other pavi- 
lion:?, which are the dwellings of the higher order of priests. 
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At equal distances behind each other, down the centre of Chioesc 
the court, are three larger pavilions, called tings^ entered A^chite^ 
on each side by a flight of steps, and a fourth engaged in 
the cloister itsehj and having a firont portico and one flight 
of steps only. The first three are square, two stories in 
height ; the lowest surrounded by fourteen columns, each 
face or front showing six. They have rude caps, composed 
of eight brackets, projecting various ways. Sir William 
Chambers says there are four species of /tn^^,— three used 
for temples and the fourth for gardens ; some having a 
^Ilery and fretted railing round the first floor on the out- 
side, the upper story being set back. The roofs all have 
the peculiar hollow dip, which leads one to suppose their 
prototype was the tent, the sag of the cloth of which would 
suggest the form. They are frequently surmounted with 
a sort of cresting and finial, and each angle is turned up 
sharply, and ornamented with a dragon. Sometimes the 
columns have a frieze perforated in the form of frets ; some- 
times the same is also under the eaves of the upper roof. 
The author before cited also gives examples of smaller 
octagonal Hngs^ intended to cover the large vessels in which 
the Chinese bum gilt paper to their idols. 

The most striking buildings in China are, however, the 
tapering towers which they call tacUy and our old writers 
pa^godas. These are of brick covered with marble, or most 
generally with glazed tiles ; and are built in stories, one 
over the other, from three, four, or five, to as many as 
nine in number. Each story is reduced in width, and has 
a gallery round to walk in. The roofs are hollow or sag- 
ging, like those formerly described. 1'hcy project a great 
deal, the corners being turned up sharply. On these light 
bells are suspended, which make a constant ringing when 
the wind blows. The roofs are covered with glazed tiles 
of various colours, and the summit ornamented with a 
species of spire and jinial. The most celebratea of those 
was at Nankin, and is better known as the porcelain tower. 
It had nine storys, and was about 200 feet high, exclusive of 
the iron spire before mentioned. At each angle was a bell, 
making, of course, seventy-two in number ; and there were 
eight chains hanging from the top of the finial to the 
angles of the spire, and carrying nine bells each, or seventy- 
two more. This celebrated building, it is reported, has just 
been destroyed by the rebels. The taa is not a pagoda 
or temple, as has been supposed, but is a memorial of 
some event, — as a victory, or of some great personage. At 
Pekin is one used as an observatory. At Nanganfoo one 
was erected simply to bring good luck; and Mr Davis 
relates one was decreed to be built at Macao, with a simi- 
lar idea. 

Buildings called Toov Tang, or halls of ancestors, are 
found in all considerable towns. These much resemble 
temples, but instead of idols, memorial tablets are placed 
in the niches to record the transactions and deeds of the 
'*wortliies" or celebrated inhabitants of the neighbourhood. 

The Pai LoOj or Pat Fang^ is another common object 
in China. They are monumental memorials, though they 
have been mistaken for triumphal arches. M. Quatremere 
says, the Chinese annals reckon 3636 of these erected in 
honour of literary men, philosophers, princes, generals, &c. 
The smaller are of wood, forming a sort of doorway. The 
larger have three openings side by side, and over these are 
several broad panelled fi&cias for inscriptions and carving, 
which is often very bold and in high relief^ and over all is 
a projecting cornice carrying a tiled roof. Chambers has 
given one, the side gateways of which have semi-circular 
arches with festoons of drapery. 

There is not much variety of design about their houses, 
as every one must be on a scale according with the rank 
of the inhabitant. Le Corate mentions a case where a 
Mandarin was obliged to pull down one that he had con- 
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nt «tnicted of k tomeirhat better quality than those of the 
nn others. Chunben has given a plan of a hoiiie nhich he 
"' Mys u of very conunon detign. It is about 260 feet frani 
j, front to back, and about 65 feet wide. It it entered at the 
(ront by a passage nearly 20 feet wide, which goes nearly 
tlirough the entire building. On each side of this, fronting 
the street, is a shop, with its back sliop. It should be stated, 
that the divisions on each side of the central passage ex- 
actly correspond with each other. The room on the right 
exacily resembles that on tlie left, till we arrive at the 
great fining-hall, which runs right across the house. First 
we have two studies, and two small bed-rooms, then two 
saloons or reception rooms about 24 feet by 18. These look 
into open courts or gardens, with fish ponds, fountains, 
flowers, &&, divided by walls; then two more saloons with 
bed-rooms, and then the great di'ning>hall before men- 
tioned. This is about 60 feet by 30, and is carried on 
eight columns. Behind this is the kitchen and other offices. 
The first floor is called the Lemt, and, beginning at the 
end (roniing the street, has two bed-rooms, one on each 
side of a passage, for the shopkeeper ; then on each side 
is a saloon, and the bed-rooms for the family. Between 
thete last, and also carried on columns, is the hall where 
the &niily idol is worshipped. This looks on to the open 
gardens before- mentioned. At the further end of these 
courts are two more saloons and bed-rooms, and then a 
lull, said to be devoted to the use of strangers or visitors, 
which is over the groimd floor dining-hall, and of the same 
size. Chambers tells us, every house has a number of 
mnrabte partitions kept ready, to be put up to subdivide 
the larger rooms. 

The Chinese never use square timber when they can 
get round trees of a suitable size, probably on account of 
the lightness, strength, and convenience of the bamboo. 
The roofs are of very peculiar construction, which our 
space will not permit us to give, and all timbers are lelt 
visible. The windows are filled in with the lining of the 
oyster sbdl, which looks like talc, is quite as transparent, 
and the main door is frequently a perfectly round aperture. 

Aneieul Amtrican ArehUeeHire. 
It was not long before the exhumation by Mr Layard 
in Central Asia, of the wonderful remains of fine art in 
monstrous combinations of brute and human formt, en- 
tombed in earthen mounds, that Mr J. L. Stephens, when 
engaged on a mission from his government — that of the 
United States of North America — to some of the mutable 
states of Central America, heard of and tracked out in the 
forests of Yucatan ' the remains of a bygone time, exhibited 
in sETuIptural and architectural monuments of a coarse cha- 
racter, and revolting as regards the repretpntations of 
human and bestial forms in sculpture, but not more revolt- 
ing than the more elegantly dewgned and beautilully 
wrought works of the Central Asians t whilst the architec- 
V.in\ remwns al&rd a strange counterpart to those which 
Mr Layard de•cribe^ as he imagines them to have existed 
in and «boutthe valleys of the Tigris and Euphrates. Huge 
mounds, conitructed pyramid-wise and of stone, form in 
Vucatan the bases of the temples and shrines upon which 
some former inhabitants practised the horrid rites by which 
they thought the Almighty was to be worshipped; as in 
Assyria, ^ere were mounds of the material tne country 
afforded upon which the temples and shrines of an eouolly 
unholy worship was performed by the more gr«cefiil but 
most abominable sovereigns, subjects, and slaves of the 
Eastern tynuiniet. 



Among the objects represented in Mr Catherwood's Amlai 
Vieton^Aneient StonumeittsiH Central America, CAiapat, AsieHc 
and Yticalan, are several examples of vaults having the arch ^'*'''i< 
form but nut being arched vaults ; tliat is to say, of vaults ^ " "' 
presenting the appearance internally, or upon the soffit, of ^ 
arches, but formed by the gatliering over of horizunially- 
coursed masonry, with tlie inner and lower angles worked 
away— or cleaned ofl', as it is technically expressed— 4o the 
appearance on the inside which an arched vault would pre- 
sent. See fig. 5. 




The circumstance that the arch form presented in the 
American monuments is produced by the gatliering over 
of horizontally-ranged masonry, and not by means of arch 
structure, would seem to show clearly that if their builders 
ever had intercourse with the Old World, it was before tlie 
properties of the arch were known and practised in it. These 
remains show an advance on the Pelaigic and Celtic monu- 
ments of the cis- Atlantic world, and take the general charac- 
ter of the stone-works of Egypt and India ; but like those 
woHts they exhibit the vaulted form by gathering over and 
not by arching. 

Mr Caiherwood stales, that he and Mr Stephens concur in 
the opinion of Mr Prescott, author of the Hiitory oftheCon- 
quett <f Mexico,— " xhu though the coincidences are suf< 
ticiently strong to authorise a belief tltat the civilization of 
Anahuac (Ancient Mexico) was in some degree influenced 
by Eastern Aua, yet the discrepancies are so great as to 
carry back the communication to a very remote period, so 
remote, that this foreign influence has been too feeble to in- 
terfere materially with the growth of what may be regarded, 
in its essential features, as a peculiar and indigenous civiliza- 
tion ;" and this opinion the monuments, as presented by Mr 
Catherwood, would seem fully to justify. But Mr Cather- 
wood adds to this, as the ground, it wouUl appear, for coin- 
dding with Mr Prescott's opinion, that the results arrived at 
by Mr Stephens and himself "are briefly, that ihey (the 
American monuments) are not of immemt^ial ontiqui^, the 
work of unknown men i but that, as we now see them, they 
were occupied and probably erected by the Indian tribes in 
possession of the country at the time of the Spanish con- 
quest, that they are the production of an indigenous school 
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Grtdan of art, adapted to the natural circumstances of the country, ric, and It arises from the intercolumniation being deter- Grenao 

8trttetiirM.«ndtotheciv]landreIigiouspolity then prevailing; and that mined bj the arrangement of the frieze with trigl}phs Stractarti 

^^•V^^ they present but very Sight and accidental analogies with and metopes; the frieze bearing a certain proportion in ^— ^^*'' 

the works of any people or country in the old world." the entablature to the diameter of the column, and so on, 

in such a manner that the most perfect harmony is pre^ PlAt(> i v. 

Grecian Architecture. ^ served between every part. Thus, in tlie example, the Fig 1 & 4. 

4b no nation has ever equalled the Egyptians in the column is so manv of its diameters in height ; it diminishes 
extent and magnitude of their architectural monuments, gradually from the base upwards, with a slightly convex- 
neither have the Greeks been surpassed in the exquisite ed tendency or swelling downwards ; and is superimposed 
beauty of form and proportion which theirs possess. £x« by a capital proportioned to it, and coming within its 
treme simplicity ana perfect harmony pervade every part height. The entablature is so many diameters high also* 
of a Greek structure ; and to the evanescence of the finer and is divided, according to slightly varying proportions, 
spirit of these qualities may be referred the difficultjr — into Uiree parts — architrave, frieze, and cornice. Atriglyph 
for great diiBculty certainly exists — of applying Grecian bearing a certain proportion to die diameter of the co- 
architecture to modern practice. The national style, or lumn is drawn immediately over its centre ; the metope is 
Doric Order, is in every respect the most distinguished then set off equal to the height of the frieze ; anoUier 
and the most intractable. The voluted Ionic being more triglyph is drawn, which hangs over the void ; then a me- 
complicated, is more plastic ; and the foliated Corin- tope as before ; and a second triglyph, the centre of which 
thian, from its still greater divergence from Doric sim- is the central line for another column ; and so on to the 
plicity and harmony, is the most easily moulded to number required, which, in a front, will be four, six, eight, 
various purposes, unfortunately nothing remains from or ten columns, as the case may be, the temple being tetra- 
which we might acquire a knowledge of the practice style, hexastyle, octastyle, or decastyle ; and on the flanks 
of the Greeks themselves in the architecture of do- twice the number of those on the front and one more, ^^^^ ^'• 
mestic and general structures ; but it may be inferred counting the columns on the angles both ways* Thus ^'i$ ^* 
from some existing edifices, particularly the Choragic a hexastyle temple will have thirteen columns on each p^ « ' 
monuments, that the Doric columnar style was not used flank, an octastyle seventeen, and so on. It must be ob- yS[, i & 4 
bv them except for the temples of the gods and some served, however, that to ease the columns at the angles, 
of their accessories. But whether this arose — if the they are not placed so that the triglyph over them shall 
feeling really did exist — from the sanctity of its cha- impend their centre as the others, but are set in towards 
racter, in consequence of that appropriation, or from the the next columns so far that a line let fall from the outer 
difficulty of moulding it to general purposes, cannot be edge of the triglyph will touch the circumferential line of 
determined. It is very certain, however, that the few the column at the base, or at its greatest diameter. It 
structures which do exist of Greek origin, not of a reli- has been generally thought that the object in this dispo- 
gious character, are either Ionic or Corinthian, or a mix- sition was to bring the triglyph to the extreme angle, to 
ture of one of them with some of the features of the Do- obviate the necessity of a half-metope there ; and many 
ric ; and in all Greece and the Grecian colonies, except imitators have puzzled themselves to no avail to effect it 
Ionia, there are very few examples of religious edifices without contracting the intercolumniation or elongating 
not of the Doric order, and none which are o{ the Corin- the first metope ; though it is perfectly obvious that the 
tliian. intention of the Greek architects was to ease the columns 

We have already given our reasons for mistrusting the in those important situations of a part of their burden, 

descriptions of ancient writers on architectural subjects ; and for no such purpose as Vitruvius and his disciples 

and when tiiey merely make reference to different parts have thought. Indeed, this has been a problem to the 

of a structure, without pretending to describe, in the ab- whole school, which their master proposed, and which 

sence of examples or models they must be unintelligible, they have settled only by putting a half-metope beyond 

and therefore no more valuable to the architectural anti- the outer triglyph ; thus preserving the intercolumniation 

quary*^than those of the writers, whom existing specimens equal, but rendering the quoins more infirm, or perhaps 

of wnat they profess to describe prove to have been to- less stable, than the Greek architects judiciously thought 

tally ignorant of their subject. We shall therefore not they should be. Besides contracting the intercolumnia- 

attempt to develope what does not exist, either from in- tion, the Greeks also made the comer columns a little 

ferences to be drawn from Homer and others, from the larger than the rest, thus counteracting in every way the 

professional dicta of Vitruvius, or from the description of danger that might accrue to them, or to the structure 

Pausanias ; but confine ourselves to the remains of the through them, from their exposed and iNirtly unconnected 

structures themselves of the Greeks, which are actually be- situation. The graduated pyramidal stylobate on which 

fore our eyes, for the elucidation and exemplification of the structure rests also bears a certain proportion to the 

the Grecian style. standard which is the measure of all the rest ; and so 

Like the architecture of Egypt, that of Greece is known every part is determined by the capacity of the sustain- 
to us principally by means of its sacred monuments, and ing power. Though the Doric order thus possesses, as it 
from them is deduced almost all we know of its principles, were, a self-proportioning power, which will secure har- 
The Doric temples of the Greeks are uniform in plan, mony in its composition under any circumstances, yet 
and differ only in arrangement and proportion, as they are skill and taste in the architect are necessary to deter- 
of greater or less size ; for every part depends on the same mine, in every instance, the nunober of diameters the 
modulus. If the dimensions of a single column, and the pro- column shall have in height, and according to that assisn 
portion the entablature shall bear to it, were ^iven to two the height of the entablature. For these two points m 
individuals acquainted with the style, with airections to proportioning, and for appropriate detail and ennchmenU 
compose a hexastyle peripteral temple, or one ot any other ne may, without servility, refer to the ancient examples ; 
description, they would produce aesigns exactly similar with the confidence, moreover, that in availing liimself of 
in sia^, arrangement, features, and general proportions, their beauties he acquires the power of producing an ob- 
differing only, if at all, in the relative proportions of mi- ject that shall be itself beautiful, while he can avoid being 
uor parts, and slightly perhaps in the contour of some of a mere copyist in the adaptation and arrangement of the 
the mouldings. This can only be the case with the Do- materials of his composition, as well as in the selection 
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irrecian of them. We cannot discover that the elevation of the gentum in Sicily. It is not even prostylar, for the columns (Grecian 

Structures. |>ediinent depended so immediately on the common stand- on its fronts are attached, as well as those on its flanks. Structures. 

^"^^ ^^^*^ ard, though in the best examples the tympanum will be The dipteral arranp;ement is foimd at Selinus, in an octa- '^'•v^*' 

found to be about one diameter and a half m height style temple ; and m some cases the porticoes of peripteral 

The Ionic and Corinthian, or Voluted and Foliated temples have a pseudo-dipteral projection, though no per- 

orders, do not possess that innate principle of harmony feet example of the pseudo-dipteros exists. 
%aich pervades the Doric, and therefore they are, as Most of the temples of the Greeks were cleithral ; those 

styles, less perfect, and depend more on factitious combi- to the inferior and demi-gods were invariably so. The 

nations. The Greek compositions of Ionic and Corinthian fanes of the supreme divinity were almost as invariably 

are of such consummate beauty in every particular, that hypasthrid, and frequently those of other superior gods 

their examples appear perfect, and may therefore be taken were of the latter description also. The Doric order was 

as models for study, in preference to Uie rules which have never used by the Greeks in mere prostyles ; consequent* 

been laid down for those orders, without a knowledge of ly there is no Doric temple of the tetrastyle arrangement, 

these exemplifications. With a consciousness of their in- ror it is incompatible with the peripteral, the tetrastyle 

ferior capacity to produce grand and harmonious effects examples which do exist being ail lonic.^ With very rew 

in such arrangements as their temples require, the Greeks exceptions, all the Doric temples of the Greeks are hexa- 

never applied either the Ionic or the Corinthian peripte- style. Their queen, however, the unmatched Parthenoui Plate lit. 

rally, and, as far as we have certain knowledge, only the is octastyle ; and the pseudo-peripteral fane of Jupiter 

latter in prostyles. Whether the lonians did or did not, Olympius at Agrigentum, just referred to, presents the 

cannot be satisfactorily ascertained, as their temples are in singular arrangement, heptastyle* No example exists in 

every case so much destroyed, that it is impossible, at least Greek architecture of a portico of more than eight columns, 

without more care and attention than they have yet re- except the mis-shapen monument called the Basilica at 

ceived, to make out satisfactorily what their plans were. Paestum, the Thersitesofits style, be so considered, and that 

In the Ionic and Corinthian orders, the proportions of the has a front of nine columns, or an enneastyle arran^ment. 
various parts are generally made dependent on the diame- It may be here remarked, in support of the opmion we 

ter of the column, as in tne Doric ; but Uie intercolumni- have given as to the authority of Vitruvius, that, ac<* 

ations, and consequently the general proportions, of a com- cordine to him, peripteral temples have on each flank 

position, are not determined by the column and its acces- twice the number of intercolumniations they have in front ; 

sories according to their capacity, but must be left to the thus giving to a hexastyle eleven, to an octastyle fifteen 

taste and skill of the architect, as well as the columnar columns, and so on, whereas in the Greek temples this is 

proportions themselves. Tliis gave rise to the rules re- never the case, for they always have more. The best ex- 

ferred to, which are laid down by Vitruvius, for what he ampleshave two, some have only one, but many have three, 

calls the " Five Sorts of Edifices,** or, more correctly, and in one Instance there are four intercolumniations more 

species of intercolumniation. They are pvcnostyle, sy style, in flank than in front. Again, he limits the internal hy« 

diastyle, arseostyle, and eustyle, to each of which a fixed psthral arrangement to those structures which are exter- 

space is assigned. Architects will, however, act more nally decastyle and dipteral, though an example, he says, 

wisely m jud^in^ for themselves, by reference to th« best existed in Greece of an octastyle hypeethros, and that was 

models of antiquity, what proportion constitutes an Eustyle a Roman structure. Now, the Parthenon is an octastyle 

intercolumniation, according to the application of his hjrpeetliros, but all the other hypssthral temples, both in 

ordinance, than by attending to such irrational dogmas as Greece and her colonies, are hexastyles, except perhaps 

are contained in that classification. the octastyle dipteral at Selinus ; and there is no evidence 

The temples ofihe Greeks are described, according to in existence that the Greeks ever constructed a decastyle 

their external arrangement, as being either in antis, pro- dipteral temple. 

style, amphiprostyle, peripteral, pseudo-peripteral, dip- A Greek temple, whose columnar arrangement is sim- 
teral, or pseudo-mpteral ; and internally, as cleithral or ply in antis, whether distyle or tetrastyle, consists of pro- 
hypaethrai. The columnar arrangement in antis is not com- naos and naos or cella. A tetraprostyle may have be- 
roon in Greek architecture, though th^re are examples hind it a pronaos and naos. An amphiprostyle has, in ad- 
Plate IV. of it, generally of the Doric order. The inner porticoes or dition to the preceding, a posticum, but is not understood 
Fi^. 2, and pronaoi of peripteral temples are for the most part placed to have a second entrance. The porticoes of a peripteral 
K\^^\ ^' ^ antis, as may be seen by reference to the examples, temple are distinguished as the porticus and posticum, 
^' *o- ^- in which columns stand between the antae. The Ionic and the lateral ambulatories are incorrectly called peri- 
temples of Athens are the principal examples of the styles. It may indeed be here suggested, that as the ad- 
simple prostyle. They may be called apteral, if it be ne- mixture of Latin with Greek terms in the description of 
cessary to distinguish them from peripteral, as the latter a Grecian edifice cannot be approved of, it would perhaps 
are prostvlar ; but the former term alone is sufiicient. be better to apply the term sioa to the colonnaded plat^ 
Neither does Greek architecture present more than one form or ambitus altogether, and distinguish the various 
example, and that is at Athens also, of an amphiprostyle, parts of it by the addition of English adjectives : or the 
except in the same peripteral structures, which are also common term portico would be quite as well with front, 
amphiprostylar. Almost all the Doric temples are perip- back, and side or lateral, prefixed, as the case may be. 
teral, anH being peripteral, they are, as a matter of course. Within the back and front stoas or porticoes, then, a pe- Plata V. 
amphiprostylar, as we have just remarked ; so that the for- ripteral temple has similar arrangements in antis, which Fig* 3. 
mer term alone is used in describing an edifice oi that are relatively termed the pronaos and opisthodomus, with 
kind, with the numeral which expresses the number of an entrance only from the former ; unless there should 
columns in each of its prostyles. There is but one known exist, as there does in the Parthenon, a room or chamber plate IV. 
rxiimpleof Greek antiquity of a pseudo-peripteral temple, within the opisthodomus, supposed to be the treasury, Fig. 3. 
and,tnat is the gigantic fane of Jupiter Olympius at Agri- when a door opens into it from the latter. Besides these, 

^ Atheiu itaelf containing a Doric tetranrostvle, may seem to contradict this; but it must be recollected that we have already 
^id (page 442), that in spaiking of Greek architecture, we exclude all the examples, even m Greece itself which were executed 
•nder the Komao dominion, for thejr bear the Homan impress < and that is one of them* 
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iirecian a Greek temple of the most ramified description conftUu cyclostyle. The basement of this monument is eminently Gretitn 
itru<:tum.onIy of a cell, in those which are cleithnd ; and of a naos, bold and simple, admirably proportioned to the rest of the^^">^'^°'^'' 
-^^^^^*^ which is divided into nave and aisles, to use modem eccle- structure, and harmonizing perfectly with it The ^^^^C^ 
siastical terms, in an hypaethral temple. lumnar ordinance is the only perfect specimen of the style '^' 

The only pure Greek architectural works that remain in exbtence of pure Greek origin, and it has never been 
to us, and of which we liave certain information, besides surpassed, perham not equalled, in beauty elsewhere. The 
temples, are, it has been already stated, propylaea^ chora- most ex(|uisite narmony reigns throughout its composi- 
gic monuments, and theatres. The Propyueum, or Pro- tion: it is simple without being poor, and rich witnout 
pyl8ea,asappIiedtothe Acropolis of Atlicns, is the entrance being meretricious; and the same applies to the super- 
or gateway through the wall of the peribolus into it. It imposed tripod and its supports. 

consists of a Doric hexaprostyle portico internally, with Totally different in style and arrangement, and far in- 
a very singular arrangement of its columns, the central ferior in merit, is the choragic monument of Thrasyllus. 
intercolumniation being ditriglyph. This was done pro- It bears, however, the impress of the Grecian mind. This 
bably to allow a certain procession to pass, which would composition u merely a front to a cave, consisting of tliree 
have been incommoded by a narrower space. Within the pilasters proportioned and moulded like Doric antae, and 
portico there is a deep recess, similar to the pronaos in a supporting an entablature similar in style, but too shallow 
temple, but without columns in antis ; a wall pierced with to harmonize with them. Above the entablature there is 
five doorways corresponding to the intercolunmiations of an attic or parapet, divided into three compartments hori- 
the portico, close the entrance ; and beyond it is a vesti- zon tally. . The two external form tablets with a cornice or 
bule, divided into three parts by two rows of three Ionic impost on them, and the central is composed of three re- 
columns, and forming an outer portico, fronted externally ceoing courses, on the summit of which is seated a draped 
by a hexaprostyle exactly similar to that on the outside, human figure, whether male or female, in its mutilated 
Right and left of it, and setting out about one intercolum- state is not determinable. The entablature, instead of 
niation of the portico from its end columns, at right angles, triglyphs in the frieze, has laurel wreaths; and it would' 
ire two small triastyle porticoes in antis, with chambers be- appear as if the absence of the triglyph had deranged the 
hind tliem. These have been called temples, but most whole composition. The two outer pilasters are of good 
probably they were nothing more than porters* lodges or proportion, and the architrave is well proportioned to tliem ; 
guard-houses. The whole structure, though extremely out the frieze and cornice are both too narrow, and 
elegant, and possessing many beauties, is not a good ar- the spaces between the pilasters, equivalent to interco- 
f*hitectural composition : the unequal intercolumniation lumniations, are too wide. The third pilaster, itself in- 
detracts from its simplicity and harmony. The use of Ionic harmonious, is absurdly narrow, being narrower than the 
columns in a Doric ordmance is equally objectionable ; others ; and, standing immediately under tlie statue, evi- 
and their elevation from the floor of the portico on insu- dently to support it, its meagreness is the more obvious 
lated pedestals is even worse, though their intention is and striking. In spite of all this, the general outline ot 
obvious ; and without raising them, the ceiling might have tbe structure is simple and pleasing, tlie detail is elegant, 
been too low, or they must have been made taller.^ The and the execution spirited and effective. This little mo- 
uneven style of the small temples or lodges is not pleasing, nument is, however, a proof that the Greeks were not so 
even though they be taken as flank and not as front com- excellent in architectural compositions at all times, as in 
positions; and, moreover, their entablature abuts indefi- the self-composing Doric temples, and in the choragic 
nitely against the walls of the larger structure, both in- monument of Lysicrates ; and to this evidence may be 
temally and externally, to the total destruction of the added that of the triple temple in the Acropolis of Athens, 
harmony of the general composition. Indeed the unequal It consists of an Ionic hexaprostyle in front, resting on a riate vr. 
heights of the entablature of the greater ordinance in- bold, continuous, and well-proportioned stylobate, and 
volves a fault, if there were not something to prevent forming the entrance to a parallclogramic tella, but, 
them from being seen in the same view, which it requires from aS that has yet been discovered, without a pronaos 
more than all the beauties of detail and harmony of pro- in antis. The back-front consists of four columns like 
portion to countervaiL those of the portico, attached in antis : and the flanks are 

Plata VII. The choragic monument of Lysicrates, vulgarly called broad and bold, crowned by the well-proportioned and 
Fig. 1 k 2. ^^ Lantern of Demosthenes, at Athens, is a small struc- chaste entablature, with the enriched congeries of niould- 
ture, consisting of an elef^t rusticated quadrangular ings and Tunning ornament of the antse under it. In the 
basement or podium, which is more than two fifUis of the absence of a pronaos to give depth to the portico, the 
whole height, surmounted by a cyclostyle of six Corin- composition was defective, but otherwise simple and har- 
thian columns, attached to, and projecting rather more monious. It was, however, completely spoiled by the at^ 
than one half from, a wall which perfects the cylinder up tachment of a tetraprostyle to one of its sides, Ionic cer- 
to the top of their shafts, where it forms & stand for tri- tainly, like that in front, but not only in a different man- 
pods the height of the capitals. A characteristic enta ner, but of a different size ; beautiful in itself, but a blot 
l)lature rests on the columns, and receives a tholus or on the main buildings with which it harmonizes in no one 
dome, which is richly ornamented, and terminates in a particular, being altogether lower ; for the apex of itspe- 
foliated and heliced acroterium. To thi^ Stuart has add- diment only reaches to the cornice of the former. Tnis 
ed dolphins as supporters, and has placed on the summit and the Caryatidean portico are omitted in the exaiupie. 
a tri|)od, which was the prize in the choragic festival ; In a similar situation, against the other side is attached a 
thus completing perhaps tne most beautiful composition similar arran^mentofCaryatides, a tetraprostyle of female 
in its style ever executed. In Vitruvian language the ar- figures raised on a lofly basement, and yet not reaching 
rangement of this edifice would be called monopteral ; to the entablature of the main building, — according in nv 
but it is more correctly cyclostylar, or, perhaps because one particular either with it or with the portico on thi. 
of the wall or core, it may be termed apseudo or attached other side, and altogether forming the most heterogenous 



- ' An editorial note in the near edition of TkeAnHqiiiiiet ofAthem tsys that **' they are incorrectly mounted on pedesUli** in Stuart 
iiKt Uevett*8 Rettaratunu This structure cannot perhaps airly be Judged of^ uatU its site and remaius shall have been exanixed 
wiibout the Jealous superviaion of a Turkish sEOvemor. 
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Grecian and inharmonious combination imaginable* Yet the two it understood to be a species of columnar arrangement, Grecian 

ouiicttim. Ionic porticoes are the most beautiful examples of their diiTering iu its forms and general proportions, and m some D^m^c*- 

Order in existence, and perhaps, it might be added, that leading features, from any other. Greek columnar archi- ^^-'*'^^"^^-' 

were ever executed, — arranged in the finest proportion, tecture may thus be divided into the three arrangements 

and witli the most exquisite details and enrichments, or orders, Doric, Ionic, and Corinthian, which form its 

'Hic Caryatidean frontispiece, also, for more it cannot be classes or styles. In considering them, however, it is 

trailed, is full of architectural beauties, though it is most necessary to discharge the mind of all the absurdities ot 

injudiciously collocated. the Italo-Vitruvian school about the proportions of the 

The theatres of the Greeks, it has been already inti- human figure being applied to columns, whether virile, ma- 
mated, present but little to interest in the view we are tronal, or virginal ; about the trunks of trees and rafVers* 
taking of architecture. They were not structures, but ex- feet; whether Doric columns should not have bases be- 
cavations ; and whatever decoration they may have re» cause men have feet, or that Ionic columns should have 
ceived to make them objects of interest externally, is, in them because women wore sandals ; that the guttae in a 
every known example, entirely gone ; and attempts to re- Doric entablature should be conical, and not pyramidal, 
store them finom their remains as now existing, aided by because they are to look like drops of water ; tnat sculls, 
all the information to be derived from ancient writers, furies, thunderbolts, and daggers may be used to enrich 
woidd be futile, in the absence of a knowledge of the a Doric frieze, but that spears, and swords, and stars, and 
(vreek style of art obtained from some other source, ^rters may not; — these, with the thousand other nuer- 
And as no existing example of the Greek theatre furnishes ilities of the CinquecenHstSy whetlier Italian, French, or 
matter for architectural illustration, we should gain no in- English, — ^whether acquired from the writings of Palladio 
formation in furtherance of our present subject by treating and Scamozzi, of Perrault and Leclerc, or of Wotton and 
of it here* Chambers, — must be forgotten, and the greater or less 

Tlie division of the columnar architecture of the Greeks degree of beauty resulting from this or that mode of ar- 
and Romans into orders by the Italian architects of the raneement and detail alone attended to. 
fifteenth century, according to the laws of Vitruvius, and Not to induce the idea that the quoted examples of the 
the universal reception of that mode of arranging it, al- antique should be imitated to the line and letter, but ra- 
most impose upon us the necessity of adopting the same ther in spirit, we shall speak of the proportions of their 
course, and laying down a standard or model for each* various parts generally ; though it must at the same ume 
But instead of so doing, we think it better to give each be understood that m.uch of the beauty of a columnar 
school separately, and describe the general features of the composition depends on its minutiae : still it is not neces- 
orders as they occur in the works of each, — pointing out, sary that these minutise should be mere repetitiu4.« of an 
moreover, the varieties that exist, and prevent the mono- original ; it is in the spirit of the antique models that ex- 
tony consequent on restricted forms and proportions. We cellence is to be sought, and not in crude rules for their 
retain, too, the term ^* Order," and the names in general reproduction. 

use, without consenting to the propriety of either the one r^c ai. r* * Ti- 

er the other ; for if it be judicious to divide Greek and ^J ^ ^^""^""^ ^^^"^ 

Roman colunmar architecture into orders, there can be This order may be divided into three parts, Stylobate, 

no reason why Egyptian, Hindoo, Persian, or any other Column, and Entablature. The stylobate is from two 

style, should not be classed in a similar manner. More- thirds to a whole diameter of the column in height, in 

over, there is nothing in any one ** order" that, were it three equal courses, which recede gradually the one above 

not for custom, would not be thought as fitting in any from the one below it, and on the floor or upper step the 

other as in that to which it may belong. The Greeks did colunm rests. That graduation, it may be remarked, doe^ 

not hesitate to put triglyphs in the frieze of an entablature not appear to have been made by the ancients to facilitate 

whose columns were fillet-fluted and had foliated capi- the access to the floor of the stoa or portico, but on the 

tals, as some ruins at Ptestum attest As to names, tne principle of the spreading footings of a wall, to give both 

Doric might, as w« have said, be called Corinthian with real and apparent firmness to the structure, both of which 

more propriety ; the Ionic, Samian ; and the Corinthian, it does in an eminent degree* 

Athenian ; referring to the oldest known examples of The column varies in different examples from four to 1!|^^^{: 
each. The term Style would be more correct than Order, six diameters in height, of which the capital, including p|^^ jy 
as it would indicate the column as the feature referred the necking, is rather less than half a diameter : in those p|g, 4 ^ 9. 
to, without conveying the idea of fixed rules ; and archi- cases in which a necking does not exist, the capital itself pute V. 
tectural works into which columns do not enter need not occupies nearly tlie same proportion. The shafl dimi- Fig. 4. 
be constrained to admit the arran^ment of some Order nishes in a slightly curved line, oalled entasis, from its base 
in the composition, proportion, and detail of its various or inferior diameter upwards to the hypotrachelium, leav- 
parts. In naming, too, the Doric might be called the in^^ it at that place, or at the superior diameter, from two 
Greek sacred or triglyphed style ; the Ionic, the Voluted thirds to four fifths of the lower or inferior, which latter 
style ; and the Connthian, the Foliated ; thus admitting is the diameter always intended when the term is used as 
any varieties of combination which could be expressed as a measure of proportion. The capital consists of a neck- 
composites of the voluted and foliated, or of tlie foliated and ing, an echinus or ovalo, and an abacus ; the necking is 
tritflyphed, as the case might be. about one fiflh of the height of the capital, and the outer 

An Order, according to Mr Gwilt, is *' an assemblage two members eqiudly divide the remaining four fifths : 

of parts, consisting of a base, shaft, capital, architrave, when there is no necking, the ovalo occupies the greater 

frieze, and cornice, whose several services requiring some proportion of the whole neight* The abacus is a square 

distinction in strength, have been contrived or designed tablet, whose sides are rather more than the inferior dia- 

in ^\e several species,... each of which has its ornaments meter of the column. The corbelling of the ovalo adapts 

as well as general fabric proportioned to its strength and it to both the diminished head of the shaft and the Ca 

character. Perrault says that an order may be defined tended abacus, flowing into the one, and forming a bed 

" a rule for the proportion of columns, and for the form for the other by means of a graceful cyma-reversa ; but pig. G A 7. 

of certain parts which belong to them, according to the its lower part is encircled bv uiree or four rings or annu- 

differuit proportions which they ha\ e**' We wodd have lets, whicn are variously formed in differcr t examples. 
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Grecian and which are the means of giving tlie echinus form to of the triglyphs over which they are placed, to which it Grmnan 

l>iric. ^ the great moulding, although it is, as we have said, part is exactly equal. They are oman ented each with three ^ Do ne. 

^■^''V^^^ of a cyma-reversa. The shaft is divided generally mto rows of six small cylinders, similar to those which depend ^^T*^ 

twenty flutes; but there are several examples with sixteen, from the regulae under the triglyphs and on the archi- 

p*^^i2^* <ind there is one with twenty-four. The flutes are some- trave. There is twice the number of mutules that there 

Plate V ^^^^^ segments of circles, sometimes semiellipses, and is of trielyphs, one of the former being placed over every 

Fig. 8ft*14. sonietimes eccentric curves. They always meet m an arris metope also in the manner the examples indicate. 

or edge, and follow the entasis and diminution of the This completes the Greek Doric Order according to the 
column up through the hypotrachelium to the annulets, generally received sense of the term ; but there are other 
under which they finish, sometimes with a straight and parts necessary to it. In the front or on the ends of a ^^ ^'' 
sometimes with a curved head. At the base they detail temple, or over a portico, a pediment is placed. Its in- ^^' 
on the pavement or floor of the stylobate. tention is obviously to inclose the ends of the roof, but it 
Fig. 4. The third part of the order, the entablature, ranges in forms no less a part of the architectural composition. In 
various examples from one diameter and three Quarters to reason, it shoula be raised as much as the roof required; 
rather more than two diameters in height, of wnich about but when the span is great that would be unsightly ; and 
four fifths is nearly equally divided between the architrave reference appears to have been made to the common 
and friesse, and the cornice occupies the remaining one standard of proportion, as the pediments of most Doric 
fifth : this is in some cases exactlv the distribution of the temples are found to be about one diameter and a half in 
entablature. The architrave is m one broad face, four height at the apex of the tympanum, which in a hexastyle 
fifths, and sometimes five sixths of its whole height ; and arrangement makes an angle at the base of about 14^, 
the remaining fifth or sixth is given to a projecting con* and in an octastyle about 12^^. The pediment is covered 
tinuous fillet called the taenia, which occupies one half the by the cornice, without its mutules, rising from the point 
space, and a regula or small lintel attached to it, in lengths of its crowning fillet, so that no part of it is repeated in 
equal to the breadth of the triglyphs above in the frieze, profile. Another moulding, however, is superimposed: 
From tlie regulae six small cylindrical drops called guttse sometimes this is an ovalo with a fillet over it, and some- 
depend. There are examples to the contrary, but it may times a cymatium. It varies much in its proportion to the 
be taken as a general rule, that the architrave is not in cornice, but in the best examples it is about one half the 
the same vertical line with the upper face of the shaf^ or depth of the latter without its mutules. Ornaments of 
its circumferential line, at the superior diameter, but is various kinds, statues or foliage, are believed to have been 
projected nearly so much as to impend the line or face of placed on the apices and at the feet of pediments as 
the column at the base. The frieze, vertically, is plain acroteria. Of these, however, we have no actual remains; 
about six sevenths of its whole height, and is bounded but indications of the plinths or blocks which may have 
above by a fascia, slightly projecting from it, which oc* received them exist, and such things appear represented 
cupies Uie remaining seventh. Horizontally, however, in ancient coins and medallions. The tympana of |)edi- 
it 18 divided into triglyphs and metopes, which regulate ments are well known as receptacles of ornamental sculp- 
the intercolumniations in the manner that has been al« ture. On the flank of a Doric temple, the cornice sup- pii^te TV. 
ready described ; the former being nearly a semidiame* ported a row of ornamented tiles called antefixse. These Fig. 1. 
ter in width, and the latter the space interposed between tbrmed a rich and appropriate ornament, but they rather 
two triglyphs, generally an exact square, its breadth belonged to the roof than to the columnar arrangement or 
being equal to the whole height of the frieze, including order. The antefixse covered the ends of the joint-tiles 
the fascia. This latter breaks round the trigl3rphs hori- as the pediments did those of the roofs ; and correspond- 
zontally, and is a little increased in depth on them. Each in^ ornaments called stelai rose out of the apices of the 
glyph, of which there are two whole ones and two halves jomt-tiles, forming a highly enriched ridge, 
to every tablet, is one fifth of the width of the whole, A secondary Doric order arises in the disposition of a Fig. 0. 
and the interglyphs are each one seventh of the whole Grecian temple, from the columns of the pronaos and 
tablet or triglyph. The glyphs detail on the taenia of the the inner part of the external entablature continued and 
architrave, but are variously finished above. In some ex- repeated. Of this the frieze is generally without triglyphs, 
amples they are nearly square-headed, with the angles though there may be regulae and guttae on the architrave, 
rounded off; in others the heads are regular curves, from The fascia of the frieze is either moulded or enriclied on 
a flat segment to a semiellipsis. The semiglyphs are the face; and, instead of a cornice, the beams of the ceiling 
finished above in a manner peculiar to themselves, with a are laid at equal intervals to support sunk panels or cof 
turn or drop ; but hardly two examples correspond in that fers, in which there may be flowers or other enrichments, 
particular. The tablets in which the glyphs are cut are Propriety in the composition and arrangement of ante is 
vertical to the face of the architrave, the metopes recede as necessary to the perfection of the Doric order as to that 
from them like sunk panels ; these are often charged with of the columnar ordinance itself, especially if the latter be 
sculptures, and indeed almost appear contrived to receive in cmtis. Slight projections are made on the end and ddePig. 2, 3, 
them. The third and crowning part of the entablature, feces of a wall, so as to form a species of pilaster, whose & 10 -and 
the cornice, in what may be considered the best examples, front shall be nearly equal to the aiameter of the columns ^*^^^*- 
projects from the face of the triglyphs and architrave to which it is attacheo, exactly equal indeed to the soffit ^'|' ' ' 
about its own height. Vertically, it is divided into four of the entablature, whose faces have been described as im- 
equal parts, one of which is given to a square projecting pendinc the circumferential line of the column at a llttJu 
fillet at the top, with a small congeries of mouldings, dif- above its base. Tliis rests on the stylobate in the same 
ferent, and differently proportioned to each other, in vari- manner as the columns do, with sometimes a small conti- 
ous examples. Two other parts are given to the corona, nuous moulding as a base; and its capital is a congeries 
and the remaining fourth to a narrow sunk face below it, of mouldings, about the depth of the abacus, with a plain 
with the mutules and their euttae. These latter form the fascia corresponding to tlie ovalo of the columnar capital, 
soffit or planceer of the cornice, which is not horizontal or The entablature of the order to which it is attached rests 
at right angles to the vertical face of the entablature ge- on it, and, continuing along the flank of the building, is re- 
nerally, but is cut up inwards at an angle of about S^. ceived by a similar combination at the other end. These, 
The width of the mutules themselves is regulated by that it may be remarkedi were never diminished or fluted. 
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Grecian being projections from and upon the ends and fiices of walls, nearly equal parts, two eoual fillets separating them. The Orecian 

Ionic |}|gy could not be diminished without involving an absurdity ; lowest, a torus, rests on tne top of the 8tylot»te or floor of lo*^^*:* 

'"•^/"^^ ana fluting on a straight surface must be productive of mo- the portico, a fillet divides that fit)m a scotia, a second ""^"^/^ 

notony, as the flutes can only project a series of equal and fillet intervenes the scotia and a second tofus, and a third 

parallel shadows. Not so, however, with columns, on whose fillet bases tlie apophyge or escape of the shaft* The 

rotund surface fluting produces a beautiful variety of light upper torus of the base is, in one example, fiUet-fiuted 

and shade in all their gradations, which it could not pos- horizontally; and, in the other, the same member is en- 

sess without that enrichment ; for on a plain column nei- riched with the guilochos* The shafl diminishes with en* 

ther are the lights so bright nor the shadows so dark as tasis from its lower or whole diameter, to above Bve sixths 

in the former case, nor are they so finely difitised over the of it immediately under the hypotrachelium. It is fluted 

whole surface in the one as in the other. with twenty-four flutes and alternating fillets, which fol- 

In the only example which occurs in the ancient archi- low tlie diminution and entasis of the column. The flutes 

tectural remains of attached Doric columns, — tliat of the in plan are nearly semiellipses, and they finish at both 

pseudo-peripteral temple of Jupiter Olympius at Agrigen- ends with the same curve : a fillet is in thickness nearly . 

tum — ^the stylobate is peculiarly arranged. The upper giadus one fourth the width of a flute. The difference in the 

is grooved, and detailed round the columns and along the height of the capital is in the length of the necking, 

wuls between tliem ; and a coneeries of vertically arranged which in one case is separated from the head of the shafl 

mouldings and fillets rests on it, and receives the base of by a carved bead, and in the other by a plain fillet, 

tlie column* Above the necking, a height of about one third of a dia* 

Such are the materiab of which the Greeks composed meter is occupied by a congeries of three spreading or 

their beautiful temples, tlie manner of whose composition corbelling mouldings, a bead, an ovalo, and a torus, which 

has been already described. Of their effect, however, it is are all appropriately carved. On these tests theparallelo- 

impossible to fbrm a competent idea without seeing one* gramic blocl^ on whose faces are the volutes, and whose 

And whence, it may be asked, does their interest arise ? ends are concaved into what is technically termed a bol- 

riate ur. From their simplicity and harmony; — simplicity, in the ster, to connect them. This part is about one third of a 

Jong unbroken lines which bound their forms, and the diameter in height, and includes a rectilinear abacus, 

breadth and boldness of every part ; such as the lines of whose edges are moulded to an ovalo, and carved with 

the entablature and stylobate, the breadth of the corona, the egg and tongue ornament. The volutes are three 

of the architrave, of the abaci, of the capitals, and of their fifths of a diameter in depth, and extend in front to 

ovalos also; in the defined form of the columns, and the one diameter and a half; and the^ are nearly a semidia- 

breadth of the members of the stylobate ; — harmony, in meter apart* The flowing lines which connect the volutes 

the evident fitness of every part to all the rest. The en- can only be understood by reference to the example. The Fig. C. 

tablature, though massive, is fully upborne by the columns, bolsters are fluted vertically, with alternate fillets, on Fig. is 

whose spreading abaci receive it, and transmit the weight which are carved beads* An ornament composed of the 

downwards by the shafts, which rest on a horizontal and honeysuckle with tendrils encircles the necking of the 

spreading basement ; the magnitude of every part, as we column. It must be remarked, that as the capitals ore 

have before had occasion to remark, being determined by parallelogramic, and present but two similar fronts, to pre- 

the capacity of tlie sustaining power* Besides graceful serve the appearance of volutes externally on all sides, 

and elegant outline, and simple and harmonious forms, the capitals of those columns which occupy the external 

tliese structures exhibit a bewitching variety of light and angles of porticoes are differently arranged. The outer Fig. 16 

shade, arising from the judicious contour and arrange- volute is bent out at an angle of 45®, ana volutes are put 

ment of mouldings, every one of which is rendered effec- on the end or side-front of the capital also, the outer one 

tive, — by the fluting of the columns and the peculiar form being the other side of the angiuar volute of the front. 

of the columnar capital, whose broad, square abacus pro- To suit the angle internally, the two solutes of the inner 

jects a deep^ shadow on the bold ovalo, which mingles it face are placed at right angles to each other : this is, 

with reflections, and produces on itself almost every va- however, at best but an awkward expedient, and need 

iety* The play of light and shade, again, about the in- not be employed when a portico projects only one inter- 

•ulated columns, is strongly relieved and corrected by columniation. 

the deep shadows on the walls behind them ; and in the The entablature, which is rather more tlian two diame- Vig. 5. 

fronts, where the inner columns appear, the effect is en- ters in height, is als#divided into tliree parts — architrave, 

chanting. For all the highest effects which architecture frieze, and cornice — which may be proportioned by divid- 

18 capaUe of producing, a Greek peripteral temple of the ing the whole height into five parts, four of which, as in 

Doric order is perhaps unrivalled. the Doric, may be again equally divided between the ar- 

n/* A /^ • T ' chitrave and frieze. The cornice, however, in the exani- 

UftAe Greaan lontc pj^g referred to, does not occupy one fiflh of the entabla- 

Not less Hellenic in its detail than the national Doric ture; but if it had a fillet over the upper moulding, which 

is the graceful and elegant style called the Ionic, whose it appears to want, that would be just its proportion. If 

proportions and peculiarities we take from the perfect ex- the architrave be divided into nine parts, seven of them 

amj^es of the Athenian Acropolis. may be given to three equal fascias, which slightly pro- 

riate VL This order may also be considered in three similar parts, ject the one before the other; the first or lowest, which 

Stylobate* Column, and Entablature* The stylobate is in is vertical to the circumferential line of the inferior dia- 

three receding equal courses or steps, whose total height meter, being covered by the second, and the second by 

is from four hflhs of to a whole diameter. The column, the third. The remaining two fiinths form a band of 

consisting of base, shafl, and capital, is rather more than mouldings corbelling a broad fillet, which separates the 
nine diameters in height, of which the base is two fifths of architrave from the frieze : these mouldings are enriched 

a diameter; and the capital, including the hypotrachelium. The frieze, which does not project quite so much as the 

is in one case three fourtlis, and in the other seven eighths lowest fascia of the architrave, is, in the Athenian exam- 

of a diameter high. The base consists of a congeries of pies, quite plain; but it may be enriched with foliage, or 

mouldings, extending gradually from a diameter and a made the receptacle of sculpture in low relief* The cor- 

third to a diameter and a half, and its height is m three nice projects from the face of the frieze rather more tlian 
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OroGUJi as niuco as iu whole height, and is composed of bed building, or till it is impeded by some other construct! on, iSrechm 

Ionic, mouldings, a corona, and crown mouldings. The first are and the base is continued in like manner. Coriotiii^*> 

^'^^^'^^ a carved bead and carved cyma-reversa, the former of Attached columns have the vol u ted capital, but their ^[t^^'^ 

which only occupies a portion of the height of the cor- base is that of the ante; and it is detailed round them and ^^' '* 

nice, as the planceer is cut up inwards in the manner re- along the wall to which they belong, as with the antse. It 

presented by dotted lines in the example, to a sufficient must be remembered, however, that the attached columns 

depth for it ; the crown mouldings, which consist of a in the triple temple are about one ninth less in diameter 

carved ovalo above a carved bead, are rather more than than those which are insulated, though they are similar in 

one fourth of the whole cornice; and the corona occupies other respects, and have the same entablature, 
the rest of its height, except that small portion given to The back of the triple temple, between the attached 

the bead of the bed mould. A fillet above the crown columns, presents the only example in Greek architec- 

mouldings, as already intimated, is certainly necessary to ture of windows. These are rather more than twice their 

complete the order and receive the antefixae, as described width in height, and are narrower at the top than at the 

l*liite VL in the Doric, for the flank of a temnle. bottom. They rest on a broad, bold till, which is equal in 

Fig 1 & 2. The pediments in the examples or Ionic are rather flatter depth to two sixths of the opening, and are surround- 

than in those of the Doric, the angle made by the covering ed externally by a congeries of mouldings, which, with a 

cornice with the base being, in a hexastyle, less than 14 . plain fascia, constitute an architrave, lliis architrave k 

A vertical fillets with a small moulding, equal in depth to one fourth the opening in width; it diminishes with the 

the two crown mouldings of the cornice, covers them in the window, and in the same proportion, and is returned above 

pediment, in the place of the cyma-recta or ovalo used in in two knees, which are maae vertical to its extreme point 

the Doric order. The intercolumniation differs in these at the base- 
examples ; in the one it is two diameters, and in the other ^^ , -^ ^ 
three diameters ahd one-sixth. Of ^ Grectan Corinthian. 

A much greater variety is found in the composition of The importance which the Greeks attached to a sradu- p, ^^ ^ ^ , 
the Ionic than of the Doric order. Indeed the examples ated stylobate, and the necessity of giving it a relevant 
nf the Athenian Acropolis alone have neckings; in all proportion in a columnar ordinance, are evinced in the^*'^' ^* 
the others the shaft runs up to the corbelled mouldings, only example of this order which remains to us of Gre- 
.which bed the block of the volutes, and the flutes finish cian origin. Unlike the Doric and Ionic in iu applica- 
under thein. Neither have they a torus in that con^ries, tion, which is in temples of rectangular form, whose whole 
but a bead and ovalo alone, which latter makes an incon- height they occupy, this is attached to a small circulai 
venient projection under the pendent lines that connect structure, resting on a lofty square basement ; and yet, 
the volutes, and tlius the capital is not more than half a like those orders, it has a stylmnite in receding courses, 
diameter in height. and in plan, too, corresponding wiUi the arrangement of the I-'t^ ti 
^ig« 10. The Asiatic or the truly Ionian examples of this order columns, and not with that of the substructure; in this too 
are far inferior to tliose referred to. Their bases are dif- offering further proof that the stylobate was considered a 
ferently, and certainly less elegantly composed. They part of the columnar ordinance. Thus the Corinthian Fig. I \ c 
are without hypotrachelia, as may have been inferred ; order also consists of stylobate, column, and entablature, 
they want the torus in the capital; and, in most cases, in- The stylobate is rather more than a c&mieter in height, 
stead of flowing, pendent lines, they have straight lines and is divided into three parts, but not equally, in con- 
connecting the volutes. Their entablatures are not so sequence, it is probable, of the peculiar position of the ordi- 
finely proportioned, nor so delicately executed. The coro- nance. The two lower grades have vertical fiices, are of 
nas want breadth, and the bed moulds of the cornice are eoual depth, and occupy three-fourths of die whole height ; 
as much too heavy as those of Athens are perhaps too wnilst the third step occupies the remaining fourth and 
light. Indeed, upon the whole, they have more of the is moulded on the edge, in exquisite harmony with the 
grossness of Roman architecture than of the delicacy and more ornate style, of which it forms a part. Like the 
elegance of Grecian, though the Ionian examples are column of the Ionic order, that of the Corinthian consists 
supposed to be the models of those of Athens. of base, shaft, and capital : it is ten diameters in height. 
The width of the antse of the Ionic order is determin- The base is rather more than one third of a diameter high, 
ed, as in the Doric, by the soffit of the entablature; and and is composed of a torus and fillet, which are nearly 
it will, of course, be exactly the same as, or rather less two fifths of its whole height ; a scotia and another si- 
than, the inferior diameter of the column. It is slightly milar fillet, rather less than the former ; and a second 
raised, too, from the face of the wall at the ends of which torus or reversed ovalo, one fifth the height of the base, 
•t stands. The base of the antse is, in one of the two ex- on which rests a third fillet basing the apophyge of tlie 
amples of the Acropolis, a little deeper than that of the shaft The extent or diameter of the base, at the lower 
column, having a small projecting moulding between the torus, is rather more than one diameter and a half. The 
lower torus and the floor; and the lower torus itself is shaft diminishes with entasis to five sixths of itsdiametei 
reeded. In the other example there is no difference in the at the hypotrachelium, and, like that of the Ionic order, has 
form and proportion of the antse and colunmar bases, but twenty-four flutes and fillets. Theflutesare semiellipaefe,so 
both tlie tori are fluted horizontally, with beaded fillets deep as iiearly to approach semicircles : they finish in the 
between the flutes. The antse cap consists of a congeries apophyge at Uie foot of the shaft, in the same manner and 
of corbelling mouldings, nearly one third of a diameter in form ; and at the head they terminate in leaves, to which 
height. It is divided into three nearly equal parts, the the filleto are stalks. The fillets are rather more than one 
lowest of which is composed of a bead and an ovalo ; the fourth the width of the flutes. The hypotrachelium is a 
second of another bead and a cyma-reversa» all carved ; simple channel or groove immediately under the capital, 
and the third of a plain flat cavetto, with a narrow fillet The capital itself is a diameter and rather more than one 
and small crowning cyma-reversa, forming an abacus. The third in height : its core is a perfect cylinder, in bulk rather 
necking is like that of the capital, and is enriched in the less than the superior diameter of the shaft. This is band- 
^'^g» 3. same manner. The cap or cornice thus formed breaks ed by a row of water leaves, whose profile is a flat cavetto^ 
round the projection of the antae, and is continued along one sixth of the whole height, and another of leaves of tlie 
the wall under the entablature the whole length of the acanthus,with flowered buttonsattaching them to the cylin- 
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Grecian dcr. Tliese latter have the contour of a cyma-recta, and third portion of the triple temple in the Athenian Aero- Car>atie 
Coiinthisui. are twice the height of the last, or one third of the whole polis, and is a projection from the flank of the principal ^^^^^ 
*"^*'^^^^' rapital. Rather more than another third is occupied by Ionic structure, formed by a stereobatic dado raised on ^^^ ""^ 
helices and tendrils, which latter support a honeysuckle the stylobate and antse-base mouldings of it, witli a sur- 
against the middle of the abacus ; ana the abacus itself, base consisting of a carved bead and carved ovalo covered 
resting on and covering Uie whole mass, is but little more by a broad listel, with a narrow projecting fillet above it. 
than one seventh of the whole height* This member in On this. rests a square plinth, which bases a draped female 
plan can only be described as a square whose angles are figure, on the head of which there is imposed a circular 
cut off at 45°, and whose sides are deeply concaved. In moulded block, with a deep rectangular abacus, two thirds 
profile it consistsof a narrow fillet, an elliptical cavetto or of whose face is vertical, and the other third is a cavetto, 
reversed scotia, and another fillet surmounted by a small fillet, and small cyma-reversa. The stereobate, including 
ovalo, or rather a moulding whose profile is the quadrant the moulded base of the temple, is about three fourths 
of an ellipsis. the height of the statue-pillar with its base and capital. 
The entablature of this order is two diameters and two The entablature is rather less than two fifths of the same, 
sevenths in height. It also consists of architrave, frieze, but it consists of architrave and cornice alone, between 
and cornice, of which the first occupies one tenth more which parts the height is nearly equally divided. Rather 
than a third, the second rather more than as much less more Uian one fifth of the former is given to a carved 
than that proportion, and the cornice is so much more bead and carved cyma-reversa, with the fiat, plain cavetto 
again above one third. The architrave is divided, like and fillet which they support ; the other fbur-fifUis is di- 
that of the Ionic order, into three equal fascias, which vided nearly equally into three fascias, of which the third 
occupy all but one sixth of its whole height, and that is or upper one has a fraction more than the other two, and 
given to a corbelled band, consisting of a bead, cyma-re- is studded with plain circular tablets, whose diameter iff 
versa, and fillet, separating the two members of the en- five sixths of its depth. The cornice consists of bed- 
tablature. The fascias of the architrave, it must be re- mouldings, corona, and crown mouldings. Two fifths of its 
marked, are not perpendicular, but incline inwards, so whole height is given to the bed-mould, to which one 
tiiat their lower. angles are all in the same vertical line, seventh of that may be added for tlie portion cut up in 
which impends the surface of the shaft about one third of the planceer. Half that increased heieht is occupied by a 
its height from the base. The frieze is one plain band, dentilled member, and the other hfuf by a broad plain 
slightly inclining inwards, like the fascias of the archi- fillet, a carved bead, carved C3rma-reversa, and a narrow 
trave, and slightly projected beyond them : in this ex- fillet above it The remaining three fifths of the whole 
ample it is enriched with sculptures. The cornice con- cornice being again divided into five parts, rather less than 
sists of a deep congeries of bed mouldings, and a corona, two of them is given to the corona ; a little more than one 
with the accustomed small crown mouldings and fillet. Its to a plain cyma-reversa and fillet, of which the latter is 
extreme projection is nearly equal to its whole height : of the wider ; and of the rest a carved ovalo occupies five 
this the bed-mouldings project about two fifths. As in sevenths, and a listel or crowning fillet, with a carved bead 
the Ionic cornice, additional height is given to the bed- on it, the other two. A pier, pilaster, or antse, projects 
moulds, by undercutting the planceer. In this case, the from the wall of the greater temple, and receives the end 
undercutting extends to nearly one-fourth die height of the of the entablature behind the inner figure ; for the projec- 
corona. One-sixth the height of the cornice is given to a tion is of two statues and their interspaces. It does not, 
fiat bead and an ovalo, which are immediately above die however, rest on the stereobate, but runs down to the base- 
frieze, and which base a broad dentilled member that oc- mouldings of the temple, the dado and surbase abutting 
cupies more than one-fourth of the whole cornice. This is against it. The antss is capped by a congeries of carved 
surmounted by a listel or broad fillet, above which is a cy- mouldings, which support a narrow cavetto and fillet : the 
marecta, whose narrow fillet nearly reaches the horizontal height of the cap is half the diameter of the antae. There 
plane of the planceer, and separates it from a cyma-reversa is also a hypotrachelium, consisting of a carved bead and 
that beds the superimposed projecting corona. This lat- the honeysuckle ornament, occupying about one third of 
ter is only three eighths of tne whole cornice, and nearly a diameter in height. This Caryaddean portico displays 
one of the three is given to the ovalo and fillet, the bed- very clearly the arrangement of the ceiling, with its coflRers 
moulds alone occupying five eighths. The cornice is sur- or cassoons. Internally the architrave is plain two thirds 
mounted by a cut fascia supporting honeysuckle antefixs, of its height; of the remaining third rather more than one 
which may indeed be taken as a part of the order, as the half is a plain, slighdy projected, fascia ; the other half is 
solitary example in quesdon presents it. This, however, occupied oy a carved bead and ovalo. In the absence of 
we know, from the Doric and Ionic structures, to be a frieze, the ceiling rests on this, and is divided by carv- 
a modification of the flank ornament of temples ; and we ed beads into panels, which are deeply coffered, and dinii- 
may suppose from analogy, that if used in a portico^ the nished by three horizontal moulded iateias. 
cornice of this order would have a cyma-recta to crown xv^* ^ • ar ? j- j ^ 
it on die inclined side of the pediment The intercolum- ^f Grecum Mouldings and OmamenL 

oiadon of this example is two diameters and one third* Greek architecture is distinguished for nothing more p|^ ym. 

Of Corinthian antae we have no examples, nor indeed than for the grace and beauty of its mouldings ; and it 

have we of insulated columns ; but as we find in the Ionic may be remarked of them generally, that they are eccen* 

examples quoted, that the attached columns are less in trie, and not regular curves* Tliey must be drawn, for 

proportion to the entablature than those which are insu- they cannot be described or struck ; so that though the} 

lated, we may conclude that it would be the same with this ; be called circular, or elliptical, it is seldom that &ey art 

thus reducing the entablature to two diameters, the ordi- really so : not but that tliey may be, but, if they are, it is 

nary average of that part in Greek columnar architecture, evidently the result of chance, and not of design. Hence 

nr ^ n -j n • r\^^ ^ attempts to give rules for striking mouldings are worse 

Of thtLaryoMesy or CaiyaHe Order. ^^ useless, for diey are injurious : die hand alone, directed 

PUto Vlf . The solecism in architecture of which we have now to by good taste, can adapt them to their purpose, and give 

i- ig. ft. 6v speak has but the one existing example in the works of them the spirit and feeling which render them efiective and 

^ o the Greeks, to which we have already referred. It is the pleasing. 
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Gmnan ITie leadmg outline of Greek moulding is the grace- nevertheless, is not the segment of a circle, for the upper Oiwcmb 

Mouldings, fully flowing cyma. This will indeed be found to enter part of a cavetto is the most fleeted, and it falls below Moulding 

^-^^'^'''^^ into the composition of almost every thing that diverges almost into a straight line. v-^'v^'*^ 

from a right line ; and even combinations of mouldings are There is a hooked moulding common in Greek archi- Plate I\' 

frequently made with this tendency. It is concave above tecture, particularlv in the Doric antae-caps, which is Fig. 5 & 11. 

and convex below, or the reverse ; and though a long and technicalljr called the hawk's-beaL It is a combination of 

but slightly fleeted line appears to connect two quickly- curves which cannot be described in words; but it ^*s2**^y^*jo 

curving ends, it will always be found that the convexity been already referred to in speaking of the cyma-recta, "«•*** • 

and the concavity are in exactly the same curve, so thai which is brought into its composition. 

if the moulded surface were reversed, and the one made The cyma-recta is never found carved, or sunk within Plate VI 1 1 

to assume the places it would also have the appearance, itself; but it sometimes has the honeysuckle, or other 

of the other, and the effect would be the same. It is, ornament of the kind, wrought on it in relief, particularly 

in fiict, the Hogarthian line of beauty ; and it is not a when used as the covering moulding— the cymaUum — ot 

little singukr that Hogarth, in his well-known Analysis a pediment The enrichment of the cyma-reversa consists 

^Becmfyf although he did not kaow, and indeed could of a contrasted repetition of its own contour meeting in a 

not have known, the contours of Greek architectural broad point below, and joining bv a circular line ai)ove, 

mouldings, has given the principle of them, and, under and making a sort of tongued or leafed ornament, whose 

his line of beauty, has described many of the finest Greek surface is inflected horizontally also. Between the leaves 

forms. The Roman and Italian mouldings were called a dart-formed tongue is wrought, extending from the cir- 

Greek in his day, and he assumed them to be so ; but they cular flexure above to the bottom of the moulding, whose 

evidently do not agree with his theory, whereas, in prin- contour it takes in front alone. As this would not mitre 

ciple, the now well-known Greek forms do most com- or join well on the angles of the cyma, a honeysuckle is 

pletely. gracefullyintroduced in the manner shown in the ex- 

The cyma-recta is generally found to be more upright ample. This enrichment is not wrought in relief on the 

and less deeply fleeted than the cyma-reversa ; it is al- moulding, but is carved into it, so that the surfaces of 

most always the profile of enrichments on flat surfaces, of the parts of the ornament alone retain the full outline of 

foliage, of the covering moulding of pediments, of the un- the cyma. The ovale is enriched with what is called the 

dercut or hooked momdings in antas-caps, the overhang- egg and dart ornament. This will be best understood bv 

ing not affecting the general principle ; and it pervades, re&rence to the example. Its angles also are made with 

as we have said, fleeted architectural lines generally, a honeysuckle, and the inflections are made in the mould- 

whether horizontal or vertical. The cyma-reversa has all ing itself. The torus is sometimes enriched with the in- 

the variety of inflection that its opposite possesses, but terlaced ornament called the guilochos : this too is cut 

the line connecting its two ends is, for the most part, into the moulding itself. We have no Greek example of 

more horizontal, and its curves are deeper. It pervades an enriched scotia, and from its form and position, which, 

many architectural combinations, but is most smgularlv to be effective, must be below the eye, it hardly seems 

evinced in the composition of the Greek Doric capital, susceptible of ornament which could operate beneficially. 

Plate IV. which is a perfect cyma-reversa, with the ends slightly The bead is carved in spheres or slightly prolate sphe- 

^.^* but sharply fleeted, as it flows out of the shafl below, and roids, with two thin rings or buttons, dilated at their 

Fig. 6 a 7. ^m.jjg In under Uie abacus above. The obviousness of the axes, placed vertically between them. A cavetto is not 

former is prevented by the annulets which divide the enriched at all, nor is the hawk's beak, except by paint- 

cyma into an ovale and a cavetto, but the principle is ing, which does not appear to have been an uncommon 

F** 6 clear.^ The cyma is the governing outline in the con- mode of enriching mouldings among the Greeks ; that 

Plate VIL S^'''CB ^^ mouldings in bases also, as may be noticed in is, the ornament was painted on tlie moulded surface in- 

Fig. 3. ^^6 Ionic and Corinthian examples quoted and referred to. stead of being carved into it. Fascias are also found en- 

An ovale is but the upper half of a cyma-reversa, even riched by painted running ornaments, such as the fret or 

when it is used as a distinct moulding, and unconnected meander, tne honeysuckle, and the lotus. Sometimes plain 

Plate VIII. ^'^ ^^^ waving form. The name expresses its apparent colour was given to a member, to heighten the effect it 

'rather than its real tendencv; for its contour is not that was intended to produce. Ornaments were painted and 

of an egg in any section, though the ornament which is gilt on the coffered panels of ceilings too. 

carved on it, when used as a running moulding, is formed The few examples which exist of sculptured ornament 

like an egg ; and from that the moulcling was named. on straight surfaces exhibit varieties of nearly the same 

The upper torus of a base forms, with the escape or combinations as those last mentioned, — ^the honeysuckle 

apophyge of the shafl, a perfect cyma, and Uie scotia and with the lotus, and sometimes a variety of itself on scrolls, 

Itwer torus do the same ; so that the torus and scotia either throwing out tendrils, or plain. This is found on 

are referable to the same principle when in composition, the necking of the Ionic columns of the Athenian Acro- 

and they are not found together except in the combina- polis, and on those of their antas, and continuing along 

tion referred to. under the congeries of mouldings, as previously described 

The bead is an independent moulding, varying in con- The varieties of foliage used in the enrichments of Greek 

tour ; but it is generally the larger segment of a circle, architecture are few, and will be found generally exem- 

It is used, however, sometimes to mask the waving form, plified in the Corinthian capital of the choragic monu-piato vri. 

and sometimes to separate it. roent of Lysicrates, and in the rich acroteral j^estai or p. 3 

The cavetto, or simple hollow, is part of a C3rma also, as stem of the same edifice, than which we possess no more pig' i. 

we have shown ; but it is also applied independently, to elaborate specimen of foliated enrichment of the Greek 

obviate a sharp angle, or to take from the formality of a school. There exist many specimens of architectural or^ 

vertical line, as in the abaci of Ionic antae-caps. Its form, nament on vases and fragments, in marble and terracotta, 

' The presence of the cyma in the Doric capital was, we believe, first pointed out by Mr T. L. Donaldson, m the supplementarv 
volume to the new edition of Stuart*s Aihent^ though the true contour of^ the cvma itaeif appears to have etcaped that gentleman^t 
attention. 
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Grecian in which human figures, both male and female, are corn- 
Mouldings, posed, with a greater variety of foliage than is generally 
found in Greek architectural works; and many of the 
beautiful marble and bronze utensils discovered in Her- 
cnlaneum and Pompeii have enrichments obviously of 
Greek origin, from which, as well as from the specimens 
of ornament on positive architectural monuments, we may 
jud^ of their productions generally, as well as acquire 
or imbibe somewhat of the fine taste which originated 
them. 

It would be puerile to speculate on the domestic edi- 
fices of the Greeks any further than we have done, as we 
possess no genuine data on which to proceed. Their sa- 
cred structures have taught us their style of architecture ; 
but for its application to general purposes we have no re- 
source but to consult the Roman remains of the exhu- 
mated Campanian cities and other places, and gather from 
analogy what Greek domestic architecture was. 

The instances which present themselves on all sides of 
endeavours to adapt the columnar ordinances derived from 
the noble structures of ancient Greece are numerous ; but 
it is to be added, that so fiir as regards the most noble and 
the most distinguished of the Grecian styles, eyery instance 
must be regarded as a failure. Even the Walhalla in Ba- 
varia, which is understood to be professedly a reproduction, 
as to exterior form and distribution, of the Parthenon, is 
without the inner portico at one ot its fit)nts — the opistho- 
(lomus is wanting. In what manner, or with what efiect, 
the work is executed, the present writer has no personal 
knowledge; but at best the Walhalla is an exceptional 
case, and cannot be taken to be an adaptation of the Greek 
style to a modem purpose, but a copy, and an imperfect 
erne, of a Greek temple. The interior of the Walhalla 
cannot be accepted as an embodiment of either Greek taste 
or structural propriety, whilst the rapid constructed ap* 
proach from a low level to the elevated site of the building 
cannot fail to be injurious to the effect of its exterior, if it 
be only by taking the roof out of the view ; but the gra- 
duated stylobate must also be intercepted and thereby lost 
to the view throughout much of the circuit 

The Grecian Ionic ordinance may be thought to have 
yielded in some degree to the requirements of modem uses ; 
but having less of dignity to lose than the more purely 
Greek style — the Doric — and being exhibited in no an- 
cient remains in such effective combinations as the Doric, 
modern compositions, of which the Ionic ordinance forms 
the basis, have the advantage over those which exhibit 
the Doric features of being tried by a less severe test 
Nevertheless, the results, in the more prominent instances 
which London presenu of the application of the Grecian 
Ionic in modern structures, do not tend to encourage the 
endeavour to mould this more plastic ordinance to modem 
purposes. 

In compositions of less pretence, nearer approach may 
have been made to success in the application of the Greek 
Ionic ordinance. But the great defect of one in particular 
of the Athenian examples — that of the portico of Minerva 
Polias— of an inordinately wide interoolumniation, whereby 
structural weakness is induced, is too commonly taken as 
an authority tor such a disposition of the columns as that 
example presents, to the great detriment of most reproduc- 
tions in modem instances of the Greek Ionic. 

Corinthian, as an ordinance, is more Roman than Greek, 
and ia much more plastic than the more purely Grecian ordi- 
nances; and being more plastic, it has been applied in modem 
practice and to modem purposes more extensively, and with 
greater success, than the less exacting, as it regards enrich- 
ment, but more exactingas it regards the circumstances under 
which they may be applied in practice, Doric and Ionic of 
the Greeks. It may be that the Corinthian column, being a 



more finished and acceptable object in itself than either the Grecian 
Doric or the Ionic column of whatever style, the eye exacts Moulding*, 
less, in respect of accessories and concomitants, from the Co- 
rinthian column than it does from the Doric and Ionic, which 
as columns are nothing — that is to say, they are unmean- 
ing, and to some extent ungainly, objects, unless it be in ap- 
propriate composition, and with all the requisite accessories 
to complete the respective ordinances ; whilst the Corinthian 
column, with its richly foliated and otherwise enriched capi- 
tal, coped with a moulded abacus, and bound below by a 
moulded hypotrachelium, its fluted shafb and its moulded 
and enriched base, is itself an object to satisfy the eye, while 
the mind inquires less urgently for what purpose it is in- 
tended, and how it is to l^ disposed in composition. 

However this may be, there can be no doubt, that 
whether the peculiar form in which the Corintliian ordinance 
presents itself be Greek or Roman — that is to say, whether 
the characteristics and details be those of the Greek ex- 
ample, or of a Roman example, to which the designation 
Corinthian is conventionally applied, or to that form of the 
foliated style which is by the Italo-Vitmvian school distin- 
guished as the Composite order — it can be applied, whether 
in its full proportions, or shorn of some of its parts and de- 
tails, with a success that has not attended the application of 
Doric and Ionic, in whatever guise. 

But even the classical Corinthian ordinance is seldom 
found apj)lied in modern works either at home or abroad, 
without sacrifice being made, in a greater or less degree, of 
the piu*pose8 of the work to the aemands of the classical 
exemplar employed, or the more common sacrifice of the 
proportions found in the exemplar to the necessity of the 
case. Now the proportions found in the purer columnar 
architecture of Greece and Rome, of whatever style, are 
necessary results of the materials employed and of the mode 
of applying the materials in composition. The exemplars 
are all in stone of some kind or other, and the propor? 
tions and dispositions are such as the use of stone m legi- 
timate structure of the sort applied would impose. Co- 
lumns are placed as far apart as stone of the kind used 
in the case will bear over with certain safety in an ar- 
chitrave or lintel from column to column ; such due pro- 
portion being observed between the horizontally disposed 
stone beam bearing over, and the vertically disposed stone 
column that has to support the superstructure, as the weight 
may require. Hence interoolumniation, or the space to be 
borne over, is not a matter of fancy, but of stmctural neces- 
sity ; and the applicability of a classical columnar ordinance 
is stmcturally limited by the quality and character of the 
stone employed. Stone beams cannot be pieced out in length 
to bear over a void by any legitimate, or, what is commonly 
but expressively termed workmanlike manner ; and arched 
structure is inadmissible in a pure columnar composition, as 
arches of whatever form require to be buttressed; and the 
essence of a columnar ordinance as a structure is in the 
weights being applied to act upon the column in that direc- 
tion only in which the column is qualified to bear pressure — 
that is to say, vertically, or in the direction of its vertical 
axis. Marble will bear both transverse strain and vertical 
pressure better than freestone, and granite better than 
marble ; and hence it is that the several parts of columnar 
ordinances in the works of the Greeks are more massive in 
their proportions when freestone is used, and lighter in the ex- 
amples in which marble b employed ; and the same relation 
will be found to exist between heavy and light proportions 
in the Egyptian temples. It is not according to their re- 
spective dates, but according to the material employed in 
the stmcture, that the proportions of the parts to each other 
are heavier or lighter, — the stmcture is more condensed oi 
more drawn out as sandstone or porphyry is the constituent 
material of the building. It is the same with the better 
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Golumnir works of the Roman period; that is to say, in the composi* 
Structure. (Jon of the columnar ordinances of their sacred structures ; 
and the Romans indulged in the use of almost every kind 
of stone available for the purpose in the columnar ordinances 
applied to their temples. 

* Thus out of truth in structure, having reference to the 
material employed, grew the forms and proportions found 
in the classical exemplars of columnar architecture, stone 
being the material of the structures, and the capability of 
the stone to bear and to bear over giving the limit to the 
cohimns, and to the parts required to bear over, and thereby 
prescribing the proportions of the parts to each other, and 
to the spaces between the bearing parts. To falseliood in 
structure are attributable the fiulures to rqiroduce in modem 
compositions the admirable effects found in the columnar 
ordinances of the Greeks and Romans in which truth pre* 
vailed. Proportions permitted by marble are repeated in 
tender freestone, and this fiuling, foreign substances and 
unworkmanlike tricks of handicraft are applied to cheat the 
sense ; but the eye refuses to be deceiveo, even if the struc- 
ture endure. There may be sufficient stren^ in reality, 
for the effective material employed may be tunber or iron, 
or other substances capable of yielding the required result 
in strength with fiur slighter proportions than stone of any 
kind truthfully implied will permit ; but a tutored eye will 
detect the weuuiess in efiect ; and not unfrequently the trick 
is exposed to the common observer by some failure in the 
means adopted in the case. 

The entablature of the central bay of the lower pseudo* 
prostyle of the west front of St Paul's in London, reaching 
mm column to column, over a disproportionately wide in- 
tercolumniation, exhibits a well-marked instance of the&ilure 
of the false structure whereby it was endeavoured to cheat 
the eye. The architrave is in three stones ; that is to say, 
the architrave stones bearing on the adjacent columns are 
pieced out by a third stone, which having no true structural 
connection with them, the middle length has torn itself 
away from its illegitimate attachments, and the stone above it 
in the frieze is broken across ; or it may be, indeed, that the 
suspended block in the architrave was hung up to the frieze 
course ; but be that as it may, there it is a strildng example 
of undue proportions exhibiting themselves in the failure of 
the means by which they were obtained. 

Structural untruth is not to be justified by authority. 
Neither Sir Christopher Wren, nor the Athenian exemplars 
of Doric and Ionic in the Propylseum, and in the Minerva 
Polias, with their irregular and inordinately wide interco- 
lumniation, can persuade even the untutored eye to accept 
weakness for strength, or what is false for truth. Probably 
no eye ever regaraed the middle bay of the Propylseum 
with satisfaction afier having looked upon the Parthenon ; 
and certainly none could turn with pleasure from the well 
and truly proportioned disposition of the columns of die 
Erechtheum prostyle to the straggling columns of the adja- 
cent portico of Minerva Polias. 

This doctrine may be supposed to preclude the use as 
models of the classical exemplars in architecture of the most 
tasteful nations of antiquity, unless reproductions be made 
of the materials as well as in the manner of the antique 



exemplar. But tliis no more follows than that a man who Column&r 
cannot afford to possess himself of sculptures in marble shall Strttciur^- 
not accept casts ; the architect is not precluded fiom ap- ^^** 
plying the truth and beauty of form and proportion found 
m the classical examples in consistent composition, in any 
fitting material proper to the purpose of the work* Mr 
Welby Pugin md not hesitate to employ brick-work in 
the fiice as well as in the heart of the work, in building the 
Romish church known as St George^s, Southwark, though 
the ereat exemplars of the style he employed are of stone ; 
but ne modifiea the proportions to the material, and pro- 
duced a truthful and in many respects an admirable worL 

To do this or that, however, merely because this or that 
is found in canonized examples of a period or of periods in 
which works of high merit and great oeautar were produced, 
is not less preposterous than it is to enaeavour to apply 
the classiotl columnar ordinance, and to pay no regard, in 
doing so, to the principles upon wluch tiieir beauties are 
founded. And the same observation applies alike to every 
style of architectural composition. 

Out of truth in structure, and that structure of a very 
inartificial sort, grew the beautiful forms of the admirable 
proportions found in the works of the Greeks, and out of 
truth in structure, with the strictest regard to the necessi- 
ties of the composition and to the maXmah employed — and 
that structure of a sort as full of artifice as the artifice 
employed is of truth and simplicity — grew the classical 
works vulgarly called Gothic, but more characteristically 
designated Pointed, fipom the form of the arch which is 
the basis of the style* But the classical columnar degene- 
rated into the Italian of the dnquecentOj in which columns 
and their accessories are constructed as <»maments, and are 
no part of the structure as such with which they are mixed 
up, or to which they are affixed ; and the classical Pointed 
fell into desuetude, or was found only in a debased connection 
with the Italian — ^picturesque at times, but more commonly 
grotesque, and never with any claims to decent bearing. 

Truly, however, the purposes of modem life are not fully 
answered by either of the grand and niling styles— the 
classical columnar of the Greeks and Romans, and the 
classical Grothic or Pointed. They both had their birth in 
those frailties of man which lead him through devotkm to 
superstition, and in structures intended for the worship of 
the unknown God, the noblest results of both styles were and 
still are exhibited ; ^ and neither the classical columnar, nor 
the classical pointed bends itself, or allows itself to be bent 
to seailar purposes without loss of both truth and beaut}*. 

Doubtiess there is much to adnure in many of the pro- 
ductions of the Italian school of architecture, from the 
einquecenio period down to the present time ; and many re- 
cent works in the pointed style, and some in the mongrel 
manner that arose out of its debasement m connection with 
the Italian, exhibit, if not originality, at the least careful 
copying.' Cop3ring, with an wectation of originality, in- 
deed, is carried to such an excess in modem English prac- 
tice, that mere monstrosities are sought out to be copied. 
Wearied with building spires upon the towers of churches 
of such reasonable proportions that they may at once please 
the eye and be safe as stmctures, recent practice has set up 



^ It is a remarkable fact, indeed, that the greatest ezcelleooe in architecture has been obtained in connection with the grossest errors 
In theology. Witness Egypt, Greece, and Rome. 

* Mere copying, and the most servile copying, is the ruling vice of the day, and it cannot be denounced in more eloquent language, 
or in more just terms, than it has been done in the following passage by an eminent person, a distinguished member of his sect in Eng- 
land : — *< We have almost canonised defects, and sanctified monstrosities. What was the result of ignorance or unskilfulness, we attri- 
bute to some mysterious influence or deep design. A few terms give sanction and authority to any outrageuusness in form, anatomy, 
or position; to stiffness, hardness, meagreness, unexpresslveness — nay, to impossibilities in the present structure of the human firame. 
Feet twisted round, fingers in wrong order on the hand, heads inverted on their shoulders, distorted features, squinting eyes, grotesque 
postures, bodies strvtched out as if taken from the rack, enormously elongated extremities, gprimness of features, fierceness of expression, 
and an atrocious contradiction to the anatomical structure of man, — where this is displayed, — are not only sUowed to pass current, but 
are published in the transactions of <t)cieties, are copied into stained glass, images, and prints, and are called ' mystical,' or ' symbolical.' 
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Ronum inLdDdonanditsvicinity several offensively acute, and dan- feet, the ceilings and roofs appear to have been formed Koman 

Stnictureft.fferousIy poised erections, as spires. Monstrous dwarf towers, by arching from flank to flank, and thereby quite inclos- Structures. 

^^^"^'^'^"^^ having the appearance of wind^niills without arms, almost al- inp them. \..^^s/^^ 

teroate with tne feeble spires, and consistently enough, the "The application of columns internally b most strikingly pi^^^^ xi. 

natural order is commonly reversed in placing these things; effective m the Pantheon, where they are arranged in^. ' ^ 

towers are set up in the plain, and spires erected on the hills, front of niches, or deep recesses, composed with antas to ^' 

London is inaebted to Sir Charles Barry for an admu-able carry a crowning entablature round under an attic on 

example of the better kind of Italian street architecture in which the cupola rests. No representation can convey 

the Travellers' Club House, which shows how much of even the most incompetent idea of the effect of this ar- 

beauty may be obtained by just proportions, tasteful dispo- rangement, to tliose who cannot gather it from the pla.i. 

sition, and unpretending decoration. The north or Pall A section presento only one compartment correctly ; all 

Mall front would seem to be the result of a study of the ^^ rest must of necessity be foreshortened. It is far 

Pandolfini Palace at Florence, to which it is fully equal in otherwise with the temple of peace and the hall of the 

merit; but the south or Carlton Grardens front, whicn is in baths of Diocletian, in which columns stand before the 

the manner of the Venetian school of design, is really beau- P>ers to have the entablature broken over them. 'Diis, in- 

tiful, and as far excels anything else hitherto produced by deed, was the result, as we have before intimated, of the 

the same architect as his works in Pall Mall excel all others combination of columns with arches ; and it is most clearly 

in that street of great pretence. exemplified in those works which most probably originat- 

^ n c, ed the practice, and which are next in pretence to die 
- . . . ^' ^^"^^ Structures. ^^ 1^^ i-^thew are the triumphal arches. 
a-°Sher .^**^.* treatise on Roman architecture by a Roman ar- Tlie Romans had not adopted the simple graduated 
public clwtect, in our hands, mere transcrintion would appear to be stylobate of Greek columnar architecture in their temples, 
buUdln^s. ^^ t^ *® necesswy in writing on the subject. But finding but made the access to their porticoes in front with thin Fig. 6,7. a 
the writer and existing specimens of the art at variance, we steps, and built vertical stereobates aJong the flanks for & 
cannot help determining in &vour of the superior authority the walls of the cella, or as stylobates, if there were at- 
of the latter ; to which, therefore, we shall refer to elucidate tached columns. In applying a columnar arrangement to Fig. 10 & 
Roman edifices and the Roman style, as we did to the the triumphal arch, this lofty stylobate was taken also.li- 
Greek remains to elucidate the Grecian. The breadth of the opening prevented the columns from 
Though far inferior in simplicity and harmony to the being placed equidistant; they were, therefore, coupled* 
columnar ardiitecture of the Greeks, that of the Romans, the entablature was broken over them, and necessarily the 
whether derived from it or not, is evidently of the same stylobate was cut through, leaving mere attached pedes- 
family, and is distinguished by boldness of execution taJs to stilt the columns, so tliat the whole ordinance was 
and elaborate profusion of ornament. The tastes of the deprived of every thing that could render it as a composi- 
two nations are exemplified in the Doric of the former tion beautiful : its simplicity and harmony were entirely 
Plate IV. and the Corinthian of the latter ; the one a model of gone ; and instead of giving a graceful character to the 
^ ^' simple grandeur, perfect in its peculiar adaptation, but al* structure, it became a mere attached frontispiece, that 
most inapplicable to any other purpose ; and the other, could only deform it. As if conscious that the Corinthian 
Plata VS., '^^ refined, but more ornate, making up in extrinsic what was too beautiful to maltreat in such a manner, the Ro« 
it wants in intrinsic beauty — imper^ct in every combine- man architects produced the hybrid, which has since been 
tion, but almost equally applicable to every purpose. As called the Composite order, to use in these compositions : 
in Greece, so also m Rome, the noblest specimens of co- in them, indeed, it is chiefly found ; and if it were not ^^^^ '^' 
lumnar architecture are in the temples of the divinity ; evidently a mere deterioration of the Corinthian, it might ^* ^' 
but it does not appear that the Romans were in the habit with truth and propriety be called the Roman order, 
of constructing them peripterally, as the Greeks so con- Coupled columns, broken and recessed entablatures 
stanthr did. There are indeed ruins which induce the and pedestals, and the Composite order, are among the 
belief'^that the^ at times built dipteral temples ; but their greatest blemishes in Roman architecture ; for the mis- 
common practice (as far as existing examples are authori- formed and inappropriate abortions which have obtained 
ties) was to make them pseudo-peripteral, or apteral and the name of Ionic and Doric, in Roman works, are hardly Kx. 3 & 4 
prostylar: of an amphiprostyle, even, we have not an ex- to be attributed to the school, but to individuals of it, as 
ample. It certainly is the custom to restore the ruined they are of very infrequent occurrence, and generally a|>- 
temples, whose remains are a few columns only, as if they pear only in works which are otherwise ungainly. Such 
had been peripteral; but it is done not only without sufficient are the amphitheatres, whose elliptical forms can never 
autliority, but fNg^nst that which tlie more perfect struc- be graceful, and whose architecture was invariably tlie 
turea fM'esent* The great projection, too, that the Romans worst the time produced. Tlie immense structure in 
gave their porticoes, is e%idence that they were depend- Rome, which, from its magnitude, has been called the^^^^. ^^* 
ent entirely on themselves for effect ; for they are gene- Colosseum, bears in relief the gross architectural solecism ^* 
rally projected three columns and their interspaces be- of columns in stories, which, moreover, have recessed stv- 
fore the cella, which, however, has no pronaos with co- lobates and immense intercolumniations, with large arches 
'umns 10 antb ; nor does it appear from existing remains in them, which again reduce the effect of the column still 
that the Romans were accustomed to use that arrange- more, making the continuity of the entablatures themselves 
nient. Circular or peristylar temples are not uncommon a fault, by tlieir consequent infirmity. The architectural 
in Roinnn oicliitectare; and there are temples to which it details of this structure are coarse and inelegant, plain 
can hardly be supposed that columns were ever attached : without simplicity, and laboured witliout elegance. But 
tiiese are fat the most part polygonal. Neither do the Ro- internally these blemishes disappear, columns and arches 
mans appear ever to have constructed hypsethral temples piled upon columns and arches give way to the long con* 
with columns internally, as the Greeks did. Indeed it is tinuous lines which graduated from the arena to the gal- 
a question whether all their temples were not cleithral ; lery, and must have produced as grand an effect as al- 
ibr it is not generally admitted that the Pantheon, which most any object in architecture : its magnitude and ruined 
is hyiisethralby the open eye of the dome, was originally state produce the imposing effect so striking at the pre- 
a temple ; and where the structures remain* tolerably per- sent time ; but the mind can easily restore it, or it mav 



54 ARCHITECTURE. 

It Oman be contemplated in miniature in the amphitlieatre at sacrificed. But in an afler-appropriation, as we imagine in Romto 
Structures. Verona. this case, it might have been, and clearly was done ; pro- Structure* 
^"^^^^^^^ The most perfect specimens of the Roman theatre re- bably tlirough die ignorance or inattention of those who''"^^'''^^^^ 
maining are those of Pompeii and Herculaneum. Like did it. If, then, the Pantheon, whose diameter is nearly 
those of the Greeks, they rest on the side of a hill ; but 150 feet, was but an apartment— suppose the grand saloon 
instead of being hewn out of, they are built on it, as ther« or xystum — in the baths, the whole structure must have 
is no rock out of which they might have been excavated, been immense ; and if its proportions and internal archi- 
Their general form, however, is very similar to that of tecture be taken, as they certainly may be. as a specimen 
the Greek theatre, but they received a greater degree of of the style and manner of the interior of the edifice gene- 
architectural decoration than the latter was susceptible of. rally, we shall obtain a very high opinion of the magnifi- 
Of this the theatre of Marcellus in Home is an example ; cence of the Roman baths or thermae. That they were 
for though otherwise destroyed, its external wall remains, adorned with admirable works of sculpture,, too, is proved 
and presents columnar ordinances* with intervening arches by the fact, that some of the noblest specimens of tnat art 
in stories, according to the vicious and inelegant practice have been discovered in, and among the ruins of^ the baths 
of the Roman school. This, however, is on a plain, and in Rome. It may be further remarked of the Pantheon, 
presents external walls, which other examples do not so that its effect has been seriously injured since its original 
completely. construction, by the removal of the columns from the re- Pig- 4 & ^ 

The baths of the Romans were structures of immense cess opposite to the entrance, making the opening mater, 

extent, and of splendid appearance internally. What their fixing the columns before the antas with the entwlature 

exteriors were we have no competent means of determin- broken round them, and turning an arch over the whole ; 

ing ; fragments, however, give us reason to believe, that thus destroying, as far as that part could affect it, the 

in architectural merit they did not surpass the exteriors simplicity and perfect harmony of the primitive composi- 

of the amphitheatres. The walls internally were covered tion. The same bad taste which dictated that alteration 

with stucco, and painted with foliage, figures of animals, affixed little ^dimented excrescences, now used as altars, 

and compositions, architectural lan&cape or history : the against the piers which alternate with the compartments 

floors were of mosaic, laid in compartments, and variously of columns. 

ornamented : the ceilings were vaulted and stuccoed like The still extensive remains of the villa of Adrian, near Palaces 

the waUs ; sometimes they were enriched with coffered Tivoli, bespeak its original magnificence ; and the archi- snd viUac 

panels containing sculptured flowers or other architectural tectural fragments with which the site even now abounds, 

ornament, and sometimes they were merely painted with though it has furnished specimens to almost every coun- 

what are termed arabesques. Columnar ordinances do try in Europe, after havine suffered the spoliation and 

not appear to have been much used, and when they were, destruction attending the incursions of burbarians and 

it was not always with good taste, as we have had occa- the lapse of so many centuries, attest its pristine beauty, 

sion already to remark ; though the structure called the and the fine taste of its imperial builder. This, however, 

Pantheon, which, with a great show of probability, is be- furnishes no evidence that its exterior was attractive, 

lieved to have been a ss3oon in the baths, perhaps of Everything appears to have been directed to internal splen- 

Agrippa, on the contrary presents a beautiful adaptation dour and effect alone ; and indeed all collateral eviaence 

Pig. 2 dE 3. of one. That the Pantheon was part of a more extended tends to the conclusion, tliat the exterior of Roman palaces 

edifice, is very clear from its external form and appear- and mansions was not heeded ; being merely plain brick 

ance, which are unsightly in the extreme, presenting a walls. This is the case at Pompeii, as we shall see ; and 

mis-shapen and unfinished mass. Now, domed chambers the ruins of mansions in various parts of Italy, from that 

are very common in the baths and palaces of the Romans, of Sail us t on the Benacus or Lago di Garda, to those of 

lliey are not only more effective than rectangular apart- other Roman nobles on the shores of the Bay of Baiae, 

ments, but were much more convenient in the absence of present no indications whatever that their exteriors were 

glass ; for a small opening lefl in the apex lights and ven- subjected to architectural decoration. The palace of 

tilates the domed saloon most completely, whilst the rain Diocletian at Spalatro, and the splendid remains of Bal- 

that could pass through it was necessarily small in quantity, bee and Palmyra, some of which perhaps belonged to se- 

and could be easily avoided by those walking on the floor, cular structures, offer evidence to the contrary of this, if 

In rectangular vaults this could not be effected, so that they are correctly restored in the works which treat of 

rooms of that form depended on lateral openings for light them ; for they present in their elevations so many of the 

and air, and were thereby exposed and uncomfortable, worst features of the Italian school, that there would be 

Again, there is a rectangular portico attached to the Pan- room for doubt, if views of Uie ruins did not help to justify 

theon, having no single feature in common with it, Uie the restorers. But this does not appear tt> have been the 

former being a noble Corinthian octaprostyle of three in- case in tlie earlier ages of the empire, when ardii tecture 

tercolumiiiations projecting, with two others of antae and among the Romans was in its best state. Notwithstand* 

pilasters behind ; and the other a polygonal, bulbous mass Ing the extent of the structure, and its general magnifi- 

of brickwork, much loftier than the portico, having cor- cence, however, the mouldings and ornaments in the in- 

nices and blocking courses, too, none of which range with terior of the villa of Adrian, tnough in themselves classiaU 

tlie entablature or any part of it. A conclusive argument, and elegant, are small, and have a general air of littleness, 

moreover, against the commonly received opinion, that the especially when compared with the apartments to which 

|)«irtico and the circular temple are an onginal composi- they belong ; — not that the apartments are generally large, 

tii>n, proving indeed that the former was an adaptation of but they are for the most part lofty. The ceilings appeal 

what most likely had previously existed elsewhere in a to have been formed by vaulting ; tliere are no indications 

different situation, and of course could not be intended of windows, and none of stairs of any magnitude — so that 

for its present adjunct, is, that it now fronts north, and the rooms must have been nearly if not quite open at 

conseqCiently the sun never shines full on it, so that it is one end, to admit light and air ; and the probability is 

in fact always in shadow ; and that was never permitted that there were no apartments above tlie ground floor, 

even by the Romans in their original compositions ; for two- though it is likely enough that terraces formed on the 

thirds of the beauty of a portico, consisting in the beauti- vaulted roofs .were used for the purposes of recreation 

fid play and contrast of li;;ht and shade it affords, are thus and pleasure.' The floors were of mosaic, several ol 
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Roman which are prescn ed entire in the Museum of the Vati- with lava, and almost all have side pavemeqts or footways, lloman 
Structures. can; and many fine specimens of ornamental sculpture which, however, are for the most part so narrow, that, ^^u^^^"^** 
^^^^'^^'^^ in vases and candelabra, besides busts, statues, and groups with few exceptions, two persons cannot pass on any of ^^"'^'^"^^ 
in bronze, marble, porphyry, and granite, of various styles, them. That the cars or carriages of the inhabitants could 
the remains of tlie noble collection Adrian made during not pass each other in most of the streets, is proved by 
his progress through his extensive dominions, found among the wheel-ruts which have been worn on the stones, and 
the ruins of the villa, are conserved in the same place. the recesses made here and there for the purpose of pass- 
The ruins of the palace of the Cssars present no forms in^. Their narrowness and inconvenience are aptly exem- 
or arrangements from which it would be possible to form plified in London by the narrow lanes which come be- 
a rational notion of its original plan, still less of its gene- tween St Paul's and Thames Street, about Doctors' Com- 
ral elevation, or indeed of the elevation of any part of mons. The Forums, on the contrary, though not very 
it. Large vaulted apartments, with here and there a spacious, are of regular forms, and have wide and con- 
little stucco, sometimes moulded and sometimes plain or venient footways, completely colonnaded. In immediate 
merely painted, and a few small unconnected chambers scat- connection with them are the theatres, the principal tem- 
tered up and dbwn in a mountain of brick rubble, convey pies, the basilica, the courts of justice, and other public 
an exceedingly vague idea of a palace, or rather they are edifices : the amphitheatre is by itself, in an extreme an- 
incompetent to convey an idea or a palace at all. gle of the city. The use of some of the buildings on one 
Koniin If evidence were required to prove the futility of writ- nank of the great Forum is not obvious : they are not ar- 
itreets. ten descriptions of buildings when their general model is ranged like temples, and indeed possess no peculiar cha- 
iinknown, it would be enough to compare the house of a racter by which they may be distinguished : it is tolera- 
lioman gentleman in Pompeii with tlie various designs bly clear, however, from circumstances, that thev were for 
which have been made of the same thing from the de- the use of the public The temples difier very little from 
scriptions and directions of Vitruvius, before the exhu- the ordinary Roman structures of that description, but are 
mation of that city. Their authors could only work upon generally inferior to them in the quality of the materials 
tlie notion they had of laying out houses ; and therefore of which they are constructed, in the style of their archi- 
che plans produced are those of ill-contrived modem re- tecture, and in the manner of its execution. The basilica is 
sidences, so arranged tliat they may present a uniform not unlike a modem church, it being a long rectangular 
and architectural external elevation, which the Roman edifice, having an arcaded porch at one end, being divided 
houses have not; witJi windows properly lighting every internally by rows of columns into nave and aisles, and 
apartment, which are totally wanting in the latter ; with having a columned recess at the west end of the nave for 
staircases to upper stories tnat did not exist ; with corri- a tribunal. There are, however, no indications of win- 
dors and doors uniformly disposed, which was unheeded dows, so that it was probably hypsethral, though tliat ar- 
in laying out a Roman house. The Vitruvian restorers rangement would have made the place very inconvenient 
put columns wherever they could, whereas the Roman for its purpose. 

architects appear only to have put them where they could The streets of Pompeii are lined on either side with 

not ayoid it. In dimensions, too, the former erred no less small cells, which served for shops of various kinds; and ^'^^^ ^'^« 

tlian in distribution ; they thought none too extensive for they are strikingly like the ordinary shops in towns in the ^^i- ^' 

a Roman domicile : but the apartments in Roman houses, south of Italy and in Sicily at the present time. Like 

wherever they are, are generally small, and in ordinary these, too, there appear in very few cases to be accommo- 

caaes their whole site is exceedingly restricted. In pro- dations in connection with the shops for the occupiers 

portioning the various parts, they adhered to rules the and their families, who must have lived elsewhere, as mo- 

Komans never heeded ; and applied the details of the dem Italian shopkeepers very commonly do. They pre- 

architecture of temples and triumphal arches to domestic sent no architectural decoration whatever ; the fronts are Fig. 3. 

edifices, in whose composition the plasterer, painter, and merely plain stuccoed brick walls, with a laree square 

mason, almost appear to have been the only architects I opening in each, part of which is the door, and part the 

Far inferior as Pompeii was to Rome in magnitude and window, for lighting the place and showing the goods. 
splendour, there is no more reason for supposing that Whenever a private house or gentleman's mansion oc- Houses 

houses in the latter were so very differently arranged curs in a good place for business, like the grdund floor of *P^ domes- 

from those in the foraier that the same general descrip- manymodemltalian noblemen's palaces, the street-front, or ^^^|^* 

tion of them should not apply to both, than there would fronts, was entirely occupied with shops, a comparatively 

be for a future antiquary to hesitate in applying the plan narrow entrance being preserved to the house in a conve- 

of a Brighton or Bath house, which may be preserved, to nient part between some two of them. The door to this 

a London mansion ; for we know that in ordinary cases is sometimes quite plain, but at times it is decorated 

thej nearly coincide. It is, too, a recorded fact, that with pilasters. When the site permitted such an arrange- 

wealthy Roman citizens had mansions at Pompeii and ment, the entrance door being open, a passer by could 

Herculaneum^ and we have already stated that discove- look completely through the house to the garden, or, in 

ries made of ordinary houses under the present level of the absence of a garden, to the extreme boundary wall, on 

Rome show them to be exactly like the more perfect ones which was painted a landscape or other picture. An ar- 

of the Campanian city, except in Uieir state of preserva- rangement, it may be observed, not unlike this, is com- 

lion ; so that, *< parvis componere magna^** in Pompeii we mon in some of the Italian cities at the present day ; but 

may see the domestic as well as public architecture of the mansions being now built in stories, and the upper 

ancient Rome. stories alone being occupied by the families, a merely 

The streets of Pompeii are very narrow, their average pleasing effect is produced ; whilst in the former, persons 

width being not more than twelve or fifteen feet; fre- crossing from one apartment to another were exposed, 

quently they are not more than eight feet wide, and very and domestic privacy thus completely invaded to poduce 

few in any part exceed twenty. Tne principal excavated a pretty picture. Within the entrance passage, which 

street in the city, that leading from the Forum to the gate may be from ten to twelve feet in depth, there is a ves- 

\owBrdB Herctilaneum and the street of the tombs, is, at tibule or atrium, generally square, or nearly so, on which 

the widest, twenty-three feet six inches, including two various rooms open, that vary in size from ten feet square 

ibotways* each five feet wide The streets are all paved to ten feet by twelve, or even twelve feet square : they 
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Romai: have doon only, and were probably used as sleeping- therefore were the more easily covered. Other showefs Roman 
Structures, chambers by the male servants of the family. In the must have fallen since that which destroyed the city, toStnicturei 
^ '^^>^^^^ centre of this court there is a sunk basin or reservoir for produce the complete filling up of every part and the gc- '"-^•'^^^ 
receiving the rain, called the compluvium, rendering it neral level throughout ; as the one must have beeu pre- 
likely that this was roofed over, witn a well-hole to admit vented by those roofs and ceilings which were fire-proof 
light and air, and allow the rain to drop from the roof in the first instance, and the other would be the result of 
into the reservoir. Connected with this outer couri was the same, if it were not deranged by the subsequent ex- 
the kitchen and its accessories. If the site allowed the cavations. It is indeed the fact, that the superstrata of 
second court to be placed beyond the first in the same di- ashes are evident and unbroken, while the suDstratum is 
rection from the entrance, the communication was by a mingled with ruins. Hence we are still uninformed as to 
wide opening not unlike folding doors between rooms in the structure and disposition of the roofs and ceilings of 
modem houses, generally with a space intervening, which the houses of the ancients. The doors, too, of whatever 
was variously occupied ; if the site did not allow of that materials they were composed, are entirely gone : there 
arrangement, a mere passage led from one to the other, remain, however, here and there, indications of wooden 
The second or inner vestibule, atrium, or court, is gene- door-posts— in some cases, indeed, charred fragments of 
rally much larger than the first, is for the most part paral- them-— but they are to outer or street-doors, leaving it 
lelogramic, but variously proportioned. It forms a tetra- probable, as we have before suggested, that a matting of 
stoon, being open in the middle and arranged with a pe- some kind, suspended from the lintel, formed the usual 
ristyle of columns, colonnading a covered walk all round, doors to rooms, — or perhaps they were closed by cur- 
On this the best and most finished apartments open; but tains only. In these particulars, unfortunately, nercu- 
they are of such various sizes, and are so variously ar- laneum affords but little assistance, as the mode of its 
ranged, that it is not easy to determine more than that destruction was similar to that of Pompeii, and it, too, 
tliey included the refectory, the library, and sleeping- was doubtlessly exposed in nearly the same manner ; its 
rooms. Some of them, indeed, are such as must have subterranean situation, moreover, at present, renders it 
been useless except for the last puroose : these, perhaps, difficult to examine ; but, upon the wnole, Herculaneum 
were the apartments of the female oranches of a family, is more likely to furnish information on these particulars 
at least in most cases. Some houses, however, have a than its sister in misfortune. Although it has been as- 
nest of small cells in an inner comer or secluded recess, certained that the Romans understood the manufacture 
which may have been the gynaeceum ; but that is far from of glass, or at least that they possessed some utensils of 
being common. Exhedrae or recesses, open in front to that material, it must not be supposed that they were ac- 
the atrium, are common, and are often painted with customed to apply it to exclude the weather and trans- 
more care and elegance than any other part of the house ; mit light ; for m no case has a glass window of any kind 
but generally the walls are everywhere painted — in the been discovered in any ancient structure ; and, without 
more common places flat, with a slight degree of oma- contemplating the houses of Pompeii, it is impossible to 
ment perhaps, and in the best rooms with arabesques and appreciate the advautiu;es we derive in our habitations 
pictures in compartments. The architectural decorations from the application of that beautiful production of the 
are mostly painted : the omaments are not unfrequently useful arts, and how much superior it alone renders them 
elegant, but the architecture itself of the mansions is bad to those of the ancients. ' The floors of the houses of 
in almost every sense. The rooms being windowless, Pompeii and Herculaneum are all of mosaic work, coarser 
would, when covered, be necessarily dark ; the doors are and simpler in the less esteemed parts, and finer and 
arranged without any regard to uniformity, either in size more ornate in the more finished apartments : the oma- 
Fig. 8. or situation. The street-fronts of tliose houses which, not ments are borders, dots, frets, labyrinths, flowers, and 
being m a good business situation, were not occupied with sometimes figures. In this, too, the superior advantages 
shops, were not merely unadomed, hut were actually de- the modems enjoy are evident. The ancients did not un- 
formed by loop-holes to light some passage or inner doset derstand how to construct wooden floors, at least the ap- 
which had no door on one of the courts. The columns of plication of timber to that use was not made by them ; for, 
the second courts are generally in the worst style possi- though it were admitted, which, however, it cannot be with 
ble : those which have foliated capitals, and may be con- justice, that, in the warmer climate of the south of Italy, 
sidered compositions of the Corintnian order, are the best; paved floors would be more grateful, that would not be 
but the imitations of Doric and Ionic are both mean and the case in this country ; and we find the remains of Ro- 
ugly. From the duty they had to perform, and the wide- man houses, baths, &c in Eneland, with floors of mosaic, 
ness of their intercolumniations, together with the fact as in Naples and Sicily. All the indications which are 
that none of them remain, it is probimle that the entabla- found in Pompeii of an upper story consist in a few rude 
tures were of wood, and were consequently bumt at the and narrow staircases, which, it is very probable, were to 
time of the destruction of the city, and broken up by the afford access to the terraces or flat roofs, for they are not 
inhabitants, almost all of whom certainly escaped, and common, and no portion of an upper story remains in any 
who, it is very evident, retumed, when the fiery shower part, though it is most likely that the lower or ground-floor 
and the conflagration had ceased, to remove whatever rooms were arched over. In one part of me city the 
they could find of their property undestroyed ; for it must houses on one side of a street are on a declivity : there a 
be remembered that the roofs and ceilings aJl over the commodious flight of stairs is found to lead from the 
city are entirely gone, and Uie uncovered and broken atrium in front, to another atrium and rooms below, not 
walls remain, from eight to ten feet only in height. Every under the houses, but behind them ; for neither do we find 
thing, indeed, clearly demonstrates that great exertions an under-ground or cellar story in the Pompeian houses, 
were used to recover whatever was valuable ; and it is On the shores of the Bay of Baiae, and or the Gulf of 
very probable, moreover, that the place was constantly Gaeta, at Cicero's Formian Villa, however, there are 
resorted to by treasure-seekers for perhaps centuries af- crypts or arched chambers under the level of the nuui- 
ter the calamity occurred. It may also be remarked that sions ; for the sites require substructions ; but it may be 
the loftier edifices, which would have been unburied by questioned whether even these were used as parts of the 
the ashes, had been thrown down by a terrible earthquake house, and as we use cellars ; for they present no indica- 
about sixteen years before the volcanic shower fell, and tions of stairs, and have no regular means of intercomniu- 
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Roman nicaiion. Neither had the houses of the Romans chirii- ture of the kind ever executed ; excelling the Memphian Roman 

p^^JJ^JJJ^ neys of any kind ; their only mode of warming their apart- pyramids as much in architectural pretence as they gur-CorinthiBn 

ments was by means of braziers, many specimens of which pass it in magnitude. There was, too, a degree of har-^"'^^^^'^^^ 

have been taken out of both Herculaneum and Pompeii ; mony and simplicity in its composition, which can only 

and their cookin? fares were on fixed gratings over a sort be accounted tor by supposing tnat the imperial builder, 

of stove, but without ilues ; so that most probably char- who was himself an adept in architecture, had acquired 

coal alone was burnt for domestic purposes. In this re- better taste than the architects of Rome generally pos- 

spect the modern Italians are not far beyond their prede- sessed, by the contemplation of the monuments of dreece 

cessors; and the mode used by them of applying fire in and Egypt. It consisted of a deep quadrangular basement, 

warming and cooking appears very similar to that used each of whose sides was about 250 feet in length. This was 

by tlie Romans. Indeed many of the peculiarities we surmounted by a lofty circular mass, on which was a wm 

have noticed in the Pompeian h6uses are still found in duated stylobate, supporting a noble peristyle oi Conn* 

various parts of Italy and Sicily ; the cortili, courts, or thian columns, with their entablature ; forming, with ita 

cloisters of palaces, mansions, monasteries, and inns, are circular cone, a species of peris^lar temple, sometniog 

representatives of the cavsedia, vestibula, atria or courts, like that below the cupola of St Paul's Cathedral in Urn- 

of Pompeian or Roman mansions. It is common, too, in don. Above this there was, most probably, a species of 

the former, for bed-rooms to open on open galleries, as on dome, whose acroterium is said to have been a metal pine- 

tlie colonnaded courts of the latter. There are instances cone, which was the receptacle of the ashes of the empe- 

aiso in the countries referred to, of rooms which have ror. The mausoleum of Augustus was, we may believe, 

no aperture but the doorway. Shops, we have said, are firom the descriptions which exist of it when in a more jper- 

trequently mere cells, having an opening towards the feet state than it is at present, inferior in size, in splenctour, 

street, part of which is a door, and the other part, with a and in good taste, to that of Adrian ; but it was neverthe- 

low dado, a window. It was only in the forums and pub- less a magnificent monument. Its ibrm was conical ; it 

lie places, then, that architectural beauty and ma^nifi- diminished in stories and terraces, probably columned 

cence were displayed in a Roman city. Street architec- round, and terminated at the apex in a bronze figure of 

ture was unknown, and the decoration of houses was the its founder. The sepulchral monuments of Cedua Me- 

work of the plasterer and painter rather than of the ar- tella, of the Plautian family, and others, are evidences of 

chitect. the same fact. The sarcophagus from the first-mentioned 

If such as we have described were the imperfections of these is simple and elegant in the extreme; and indeed 

and inferiority of the domestic architecture of the Ro- it exhibite a ereater degree of simple beauty than almost 

mans, who knew that of the Greeks and Egyptians, and anything of the same kind that remains to us of the Ro- 

had, moreover, knowledge of the use of the arch, and were, mans, 
we have reason to believe, better carpenters than either, rkP j i 

besides possessing ^eater wealth, and a greater taste for Of the Roman Corintfiian. 

luxury tnan they, with a less mild and serene climate than Like the Greek orders, the Roman Corinthian may be 

Greece and Egypt, — ^what must the domestic edifices of said to consist of three parts, stylobate, column, and en ^^ ^'- 

these nations have been I A person accustomed to the tablature ; but, unlike them, the stylobate is much loftier, q *^^'|f ' 

comforts and conveniences of houses in this country finds and is not graduated, except for the purposes of access ' 

much to complain of in a modem Italian mansion, but before a portico. Its usual height is not es^actly de^er- 

not so much as an Italian would in the house of an an- minable, m consequence of the ruined state of most of 

cient Roman ; and firom analogy we may believe that a the best examples ; but it may be taken at firom two and 

Roman of the empire would have had reason to complain a half to three diameters. In the triumphal arches the 

of a Grecian domicile, even of the Periclean age ; and a height of the stylobate sometimes amounts to four, and 

Greek, again, might have been abridged of the comforts even to five diameters. It is variously arranged, more- 

of his house in the palace of an E^ptian. over, having, in the shallower examples, simply a congeries 

Superior as the habitations of civilized men in modem of mouldings to form its base, with perhaps a narrow 

times may be to those of the ancients, a degree of classic square member under it, a plain dado, ana a covering 

rieauty and elegance pervaded the decorations and fumi- cornice or coping, on the back of which the columns rest 

ture, and even the domestic utensils, in the houses of In the loftier examples a single, and sometimes a double 

Pompeii and Herculaneum, which we do not equal, plinth, comes under the base mouldings ; and a blocking 

though we imitate them ; and from the Hellenic taste course superimposes the coping, to receive the bases of 

which reigns in their forms and enrichments, their origin the columns. This last is only necessary when the height 

may probably be attributed to Greek artists; so that, it of the stylobate is such as to take the columnar base 

may be supposed, in these particulars the Greeks even above the human eye, when the coping cornice would in^ 

excelled the Romans. It is indeed not a little singular, tercept it if a blocking course did not intervene* 
that though the architecture of these cities is completely The column consists of base, shaft, and capital, and PUte IX. 

Roman, die painted ornaments and ornamental sculp- varies in height from nine and a half to ten diameters. The 

ture generally are in style and manner perfectly Greek, base has, ordinarily, in addition to the diminishing congeries 

There are certainly modifications found of Greek Doric of mouldings which follows the circular form of the shafts, 

columns ir Pompeii ; but they bear so slight a degree of a square member or plinth, whose edges are vertical : with 

relationship to their original, that its existence may al- this the whole height of the base is about half n dia* 

most be denied, — they have the form without the feeling, meter. The rest of this part of the column is variously 

Svpulcbral As works of architecture, the sepulchral monuments of composed, but it generally consists of two plain tori and 

:>«»Mu. the Romans were of more importance than their domes- a scotia, with fillets intervening, as in the Greek examples 

tic structures. There is more architectural display in the of this order, but diiFerenUy proportioned and projected, 

street of the tombs at Pompeii, than in any street of the as the examples indicate. Sometimes the scotia is divided 

city itself; and the mausoleum of Adrian on the right into two parts, by two beads with fillets, as in the Jupiter 

hauk of the Tiber at Rome was a much more important Stator example, m which also a bead is placed between the £ it. !• 

vkvieci in its perfect state than his villa near Tivofi could upper toras and tlie fillet of the apophyge. The spread 

. f^er have been. It was perhaps the most splendid struc- of the base varies from a diameter and one third to a dia» 



ii.'>-nu. 
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Ryman meter and four ninths. In the best Roman examples, as three fifths of this is nearly equally divided between the Romnn 
Corinth'mn. ^e]] |^ in the Greek, the shaft diminishes with entasis: architraTe and frieze, tlie advantage, if any, being given ^<n■lnthiH^ 
^■^^'^^^ llie average diminution is one eighth of a diameter. The to the former ; the cornice, of course, takes the remaming ^^--^ ^— ^ 
shaft was always fluted when the material of which it was two fifths, or thereabouts. The architrave is divided into 
composed did not oppose itself; for the Romans often three unequal fascias and a small congeries of mouldings, 
used granites, and sometimes an onion-like marble called separating it from the frieze. The first fascia is one fifth 
therefore eipoUinOy for the shafts of columns; the fbraaer the whole height; one third of what remains is given to 
of which could not be easily wrought and polished in the second, and the remainder is divided between the 
flutes, and the latter would scale away if it were cut into third fascia and the band of mouldings, — two thirds to the 
narrow fillets. Like the Greek Corinthian and Ionic or- former, and one to the latter. A bead, sometimes plain 
ders, the Roman Corinthian has twenty-four fillets and and sometimes carved, taken firom the second fascia, whidi 
flutes. The flutes are generally semicirdes, and they ter- is itself enriched in the Jupiter Stator example, marks its 
minate at both ends, for the most part, with that contour, projection over the first ; and a small cyma-reversa, carved 
Dividing the space for a fillet and a flute into five parts, or plain as the bead may be, taken from the third fascia, 
four are given to the latter, and one to the former. The marks its projection over the second. The band consists 
hypotrachelium is a plain torus, about half the size of the of a bead, a cyma-reversa, carved or plain according to 
upper torus of the base, or half the width of a flute^ as these the general character of the ordinance, and a fillet. In 
nearly correroond : it rests on a fillet above the cavetto at non-accordance with the practice of the Greeks, the face 
the head of tne shaft of the lowest or first fascia of the architrave, in the Roman 
The ordinary height of the coital is a diameter and Corinthian, impends the face of the column at the top of 
one-eighth ; but there is a very fine example in which it the shaft, or at its smallest diameter ; and every fece in- 
hardly exceeds a diameter, and anoUier in which it is clines inwards from its lowest face up. The whole projec- 
not quite so much. It is composed (^ two rows or bands of tion of the architrave, that of^ the covering fillet of the 
acanthus leaves, each row consisting of eight leaves ranged band, is nearly equal to the height of the first fasda. The 
side by side, but not in contact; of helices and tenmils frieze impends the lowest angle of the architrave. luface 
trussed with foliage ; and an abaais, whose faces are moulded i« either perpendicular, or it slightly inclines inwards, like 
and variously enriched. The lower row of acanthus leaves the fascias of that part of the entablature : in some cases 
is two-sevenths the whole height of the capital ; the upper it i« quite plam, and in others is enriched with a foliated 
row is two-thirds the height of the lower above it, and its composition, or with sculptures in low or half relief. The 
leaves rest on the hypotrachelium below, in the spaces left cornice consists of a deep bed-mould, variously propor- 
between the oUien. They are placed regularly, too, under fioned to the corona ; but it may be taken generally, when 
the helices and tendrils above, which support the angles, it has inodillions, at three fifths, and when it has none, at 
and are under the middle of each side of the abacus. The one half the whole height. It is composed of a bead, an 
construction and arrangement of the next compartment ovalo or cyma-reversa and fillet, a plain vertical member, 
above must be gathered firom the examples; for a com- sometimes dentilled, another bead, and a C3rma-rever8a 
petent idea cannot be conveyed in words. The abacus ^^ ^'^et or ovalo, as the lower may not be : this is sur- 
is one-seventh of the height of the ci^ital ; in plan it is a mounted, when modillions are used, by another phiin 
square whose angles are cut off, and whose sides are con- member, with a small carved cyma-reversa above it. On 
caved in segments of a drde, under an angle at the centre this the modillions are placed, and the cyma breaks 
of from 5^ to GO". Its vertical fece is generally a flat "^ound them. They are about as wide as the member from 
cavetto, with a fillet and carved ovalo coibelling over at which they project, and are about two thicknesses apart, 
an angle of about 125^ The cavetto is sometimes enriched * ^i^ ft>'m they are horizontal trusses or consoles, with a 
with trailmg foliage, and a rosette or flower of some kind wavy profile, finishing at one end in a large, and at the 
overhangs the tendrils from the middle of each side of the other in a small, volute ; and under each there is gene- 
abacus, rally placed a rafiled or acanthus leaf. In proportioning 
Every example of this order differs so much in the form, the parts of this bed-mould in itself, one third of its height 
proportion, ana distribution of the various parts, of its may be given to the modillion member, and the other two 
capital particularly, that it cannot be described in gene- thirds divided nearly equally, but increasing upwards into 
ral terms, like the Greek Doric and Ionic : the example three parts, one for the lowest mouldings, one for the 
iSz. 1. we have referred to in this definition is that of the Jupiter plain or dentil member, and the third and rather largest 
Stator, the most elegant, perhaps, of all the Roman spe- portion for the mouldings under the modillion member 
cimens. The mouldings of this part of the cornice are carved or 
The entablature varies in different examples from one left plain, according to the character of the ordinance ; 
diameter and seven eighths to more than two diameters and its greatest projection, except the modillions them- 
and a half in height. Perhaps the best proportioned are selves, that of the modillion member, is about equal ta 
1^ ^ those of the portico of the rantheon, and of the temple half its height. The upper part of the cornice, — itie co- 
(.;,. I, of Antoninus and Faustina ; the former being rather more roua, with its crown mouldings, — consists of the vertical 
than two diameters and a quarter, and the latter rather member called the corona, which is two fifths the whole 
less than that ratio. The entablature of the temple of height ; — ^this, in the examples of the temples of Jupiter 
Jupiter Stator is more than two diameters and a half in Stator and Antoninus and Faustina, is enriched with ver- 
height, of which the cornice alone occupies one sixth tical flutes ;— a narrow fillet, an ovalo, and a wider fillet, 
more than a full diameter, leaving to the fneze and archi- occupy one third of the rest, the other two thirds being 
trave somewhat less than one diameter and a half be- given to cyma-recta, with a covering fillet which crowns 
tween them. In this latter particular it nearly agrees the whole. Its extreme projection is nearljr equal to tht* 
with the other two quoted examples, so that tne great whole height of the cornice. 

difference in the general height is in the cornice almost The ordinance of the temple of Vesta, or of the sibyl Br. s 
alone, the cornices of the others being about a sixth less, at Tivoli, whose entablature is the very low one mention- 
instead of as much more, than a diameter in height. The ed, is not generally in accordance with the scale we have 
Roman Corinthian entablature may be taken, then, at two given, and it must be referred to for its own peculiat 
diameters and a quarter in height. Rather more than proportions. 
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Rnman Pediments with the Roman Corinthian order are found sometimes corded or cabled instead of bein^ fluted : those Smnnn 
CorinthiajuiQ b^ steeper than they were made bj the Greeks, vary- of the internal ordinance of the Pantheon are cabled to one I«nic. 
.^..'-^v'-^^ ing in inclination from eighteen to twenty-five degrees ; third Uieir height, and the flutes of the anta? of that or- ^"-^^^^"^^ 
but they are formed by the cornice of the entablature in dinance are flat, eccentric curves. There are fragments of 
the same manner Antefixae do not appear to have been others existing, in which the fillets between the flutes are 
used on flank cornices as in Greek orainances, in which beaded ; some in which they are wider than usual, and 
the cymatium is confined to pediments ; but in Roman grooved ; others, again, whose whole surface is wrought 
works it is continued over the horizontal or flank cornice, with foliage in various ways ; and it would be no less ab- 
as we have described ; and frequently it is enriched with surd to arrange all these in different orders, than it is to 
lions' heads, which were at the first introduced as water- make a distorted and hybrid capital the ground- work of an 
spouts. The planceer or soffit of the corona is, in the order. 

/upiter Sutor example, coffered betweenthe •nodUHons, ^^^ 

and m every coffer there is a flower. The soffit of the -^ 

entablature m this order is generally panelled and enrich- The only existing example of this in Rome, in which 

ed with fi>liated or other ornament. The intercolumnia- the columns are insulated, is in the Temple of Manly For- ^^^^ ^'• 

tion is not the same in any two examples. In the temple tune, except that of the Temple of Concord, which is too ''^* * 

of Vesta in Rome it hardly exceeds a diameter and a barbarous to deserve consideration. Its stvlobate, like that 

quarter ; in the Jupiter Stator example it is a fraction less of the Roman Corinthian, is lofly and not graduated, 

than one diameter and a half, in that of Antoninus and having a moulded base and cornice or surbase. The 

Faustina, nearly a diameter and three quarters ; in the column is nearly nine diameters in height ; its base is ^^^ ^• 

portico at Assisi, rather more than that ratio ; in the por- half a diameter in height, and consists of a plinth, two '** ^' 

tico of the Pantheon, almost two diameters ; and in the tori, a scotia, and two fillets ; the shaft has twenty fillets 

Hvoli example, a fraction more than that proportion. and flutes, and diminishes one tenth of a diameter ; the 

The antae of the Roman Corinthian order are generally capital is two fiflhs of a diameter in height ; the volutes, 
parallel ; but pilasters are mostly diminished and fluted however, dip a little lower, being themselves about that 
as the columns. Of two of the existing examples of ants, depth without the abacus ; the corbelling for the volutes is 
in one — that of the temple of Mars Ultor — they are plain, formed by a bead and large ovalo, half the height of the 
to fluted columns ; and m the other — that of the Pantheon capital ; the latter of these is carved : a straight band con- 
portico — they arc fluted, to plain columns. The capitals nects the generating lines of the volutes, whose ends are 
and bases are transcripts of those of the coliunns, fitted to bolstered and enriched with foliage ; and a square abacus, 
the square forms. moulded on the edges, covers the whole. The entablature 

Ceilings of porticoes are formed, as in the Greek style, is rather less than two diameters high ; three tenths of this 

by the frieze returning in beams from the internal archi- are given to the architrave, the same to the frieze, and 

trave to the wall or front of the structure, supporting coffers the cornice occupies the remaining two fiflhs. The archi- 

more or less enriched with foliage or flowers. This, how- trave is unequally divided into three fascias, and a band 

ever, could only have been effected when the projection was consisting of a cyma-reversa and fillet ; the lowest &nglc 

not more than one, or at the most two intercolumniations, impends the upper face of the shafl of the column. "Die 

if stone was used ; and it is only in such that examples frieze is in the same vertical line, and is covered witli 

exist. Porticoes ordinarily must have had arched ceilings, a fillet which receives the cornice ; it is also enriched 

as that of the Pantheon has, or the beams must have been with a composition of figures and foliage. The cornice con- 

of wood ; in which latter case probably the compartments sists of a bed-mould, two fiflhs of its height, and a corona 

of the ceiling would be larger. How, in the former, it with crown mouldings. The bed-mould is divided nearly 

was arranged we cannot tell, as the arches only remain ; equally between a cyma-reversa and fillet, a square den- 

and they may not be of the date of the rest of the portico, tilled member and fillet, and another fillet and ovalo. The 

The ancient examples of what is called the Composite corona is two fiflhs the height of the rest of the cornice ; 

^'^ ' order do not differ so much from the ordinary examples another fiflh is occupied by two fillets and a cyma-rever- 

of the Corinthian as the latter do among themselves, ex- sa, and the rest is given to a cyma-recta and crowning fil** 

cept in the peculiar conformation of the capital of the co- let. The whole projection is nearly equal to the height 

iumn. In other respects, indeed, its arrangement and of the cornice, 'ihe cymatium is enricned with acanthus 

general proportions are exactly those of the Corinthian, leaves and lions' heads, and the mouldings of tlie bed- 

The Composite was used, we have said, in triumphal mould and architrave band are carved. The soffit of the 

arches, and, in the best ages of Roman architecture, in corona is hollowed out in a wide groove, whose internal 

them alone. The difference in the capital consists in the angles are rounded off in a cavetto, but without ornament 

enlargement of the volutes to nearly one fourth the whole of any kind, forming indeed a mere throating. Like the 

height of the capital, and in connecting their stems hori- angufaA capitals of Sie Greek Ionic, the external volute of 

zontally under the abacus, giving the appearance of a dis- this is turned out and repeated on the flank : either that 

torted Ionic capital. The central tendrils of the Corin- or the abuse of it in the Composite capital gave rise to 

ihian are omitted, and the drum of the capital is girded un- distortions of this order, in which all the volutes of the 

der the stem of the volutes by an ovalo and bead, as in capital are angular, and consequently all its four faces are 

the Ionic. Acanthus leaves, in two rows, fill up the whole alilce. In other respects, however, it does not differ ge- 

height from the hy potrachelium to the bottom of the vol utes, nerally from the ord inary Roman examples of Ionic The 

auu Are consequently higher than in the Corinthian capi- Temple of Manly Fortune is pseudo-peripteral, and con- pute Xi 

tal : this difference is given to the upper row. Besides sequently has neither antae nor pilasters, nor do ancient f ig. laL 

this Composite, however, the Romans made many others, examples exist of either, 
the arrangements and proportions of the ordinances being rw j. 13 n^ • 

i^enerally those of the Corinthian order, and the capitals Of i^ Roman JJortc. 

corresponding also in general foim, though in themselves This is even a ruder imitation of the Grecian original PUte X. 

differently composed. In these^ animals of different spe- than the mean and tasteless deterioration of the voluted 

cies, the human figure, armour, a variety of foliage, and Ionic is of the graceful Athenian examples. The sped- Ex. 4. 

dther pecisllarities, are found. Shafu of columns also are men of it which is considered preferable to the others is 
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Roman that of the theatre of Maroellus in Rome. The column is It may, however, be here again intimated, that these two Roman 

i>onc. ^nearly eight diameters in height: it consists of shaft and orders, the Ionic and Doric of the Roman school, ought Mouldings. 

'capital only. The shaft is quite plain, except fillets above hardly to be considered as belonging to the architecture ^^-*-v^^ 

and below, with escape and cavetto; and it diminishes one of Uie Romans. They are merely coarse and vulgar adap- 

fifth of its diameter. The capital is four sevenths of a tations of the Greek originals, of which we now possess 

diameter high, and is composea of a torus which forms the records of the finest examples. If it were not, thereibre, 

hypotrachelium, and, with the necking, occupies one third that custom required it, we should have omitted all men- 

of the whole height. Three deep fillets, with a semitonis tion of them, or at least have left them to the Italo-Vitru- 

cr quarter-round moulding, are intended to represent the vian school, to which they properly belong. Yet their 

ovalo and its annulets of the Greek capital. Tney occupy meanness and tastelessness, when compared with the 

three sevenths of the rest ; the other four sevenths are Grecian models, will more strikingly show the superiority 

given to the abacus, three fifths of whose depth is plain of the latter, and show, moreover, how the architects of 

and vertical ; and the other two is divided between a the Italian school must have been blinded by their mtem, 

cyma-reversa and a fillet. when they fancied such wretched exemplars as those ot 

The corona and crown mouldings of the cornice being which we have been speaking to be beautiful, 
destroyed, die whole height of the entablature cannot be r\n> »#- u- j 
correctly ascertained ; but from analogy it may be taken, Of Eaman Mouldtngs and Ornament. 
with the bed-mould, part of which exists, at about two The mouldings used in Roman architectural works are PK VIIL 
thirds of a diameter, making, with the architrave and (he same as the Grecian in general form, but they vary 
firieze, an entablature nearly two diameters high. Of this materially from them in contour. The Roman cyma-recUi 
the architrave is rather more than one fourth, indeed ex- is projected much more than the Greek, with a deeper 
actly half a diameter. Three tenths of its depth are un- flexure ; and the two parts or ends seldom correspond, 
equally occupied by the taenia, re^ula, and guttas, the first the one being generally larger than the other. On the 
being rather the widest, projecting more than its own contrary, the Roman cyma-reversa does not project so 
depUiy and the second tlie narrowest. The guttse are six much, or at so large an angle with its base, as the Grecian, 
in number, and are truncated semicones in form. The rest nor is it so deeply fleeted as the Greeks made it The 
of the suriace of the architrave is plain and vertical, im- upper or convex part of this moulding is almost always 
pendinga point rather within the superior diameter of the larger than the lower or concave; and it is frequently 
column. The frieze is two fifths the whole height of the allowed to finish below in a sharp arris projecting from 
entablature* A fascia, one eighth of its own height, bands whatever is below it, and above it abuts upon the hori- 
it above the triglyphs, and projects about one third of its zontal soffit of its covering fillet in a similarly harsh man- 
depth; the rest of^its sur&ce is plain vertically, but hori- ner. The ovalo of Greek architecture is represented in 
zoDtally it is divided into triglyphs, which are half a dia- the Roman style by a moulding whose outline is nearly 
meter In width, and are placed over the centres of the the convex quadrant of a circle, or a quarter round, and 
columns. These are channelled with two full and two sometimes it is nearly that of the quadrant of an ellip- 
hemiglyphs, whose heads are cut square on the outer sis. The Roman torus is either a semicircle or a semi- 
edge, but inclined downwards at the angle of the glyphs, ellipsis ; and the bead is a torus, except in its appiica- 
The space between the triglyphs is equal to the height of tion, and in being smaller, and generally projected rather 
the fneze without its plat-biuid or fascia, making in effect more than half the figure whose form it bears. The 
perfectly square metopes. All that can be traced of the cavetto, in Roman architecture, is nearly a regular curve, 
cornice is a small cyma-reversa, immediately over the being sometimes the concave quadrant of a circle, or in- 
frieze, and a square member with dentils on it. In the deed the reverse of an ovalo, and sometimes a smaller 
example the cornice is completed from that of the Doric segment. A Roman scotia is more deeply cut, and is 
oTthe Colosseum. consequently less delicate than the same member in a 
The temple at Cora presents a singular specimen of the Greek congeries : its form frequently approaches that of 
Doric order, evidently the result of an examination of a concave semiellipsis. 

some Greek examples, but moulded to the Roman pro- lliis correspondence in general form, and disagree 
portions and to Roman taste. The columns are enormous- ment in spirit, of Greek and Roman mouldings, appear to 
\y tall, but the shafts are partly fluted and partly cham- have arisen entirely from the ignorance or inattention of 
med for fluting, like the Greek. The capital is ridiculously the Romans to the governing principle of Greek combi-' 
shallow, but the abacus is plain, and the echinus of a some- nations ; as we have seen uiat in these the indrvidual 
what Hellenic form. The entablature is very little more mouldings are not independent, as the Romans made 
than a diameter and one third in height, and the archi- them, but that they take their contour and direction from 
trave of it is shallower even than the capital ; but the each other, under a certain pervading outline* 
frieze and cornice are tolerably well proportioned, though The enrichments of Roman mouldings are for the most 
the triglyphs in the former are meagre, narrow slips, and part similar to those of the Greek, but less delicate and 
the latter is covered by a deep widely projecting cavetto, graceful both in design and drawine. Those of the cyma 
that would be injurious to even a better composition. In- and ovalo are particularly referred to, but the Romans 
stead of regular mutules with guttss, the whole of the used others besides. Raffled leaves form a favoiuite en- 
planceer of Uie cornice is studded with the latter ; but, like richment in the architecture of die Romans : indeed diese 
the Greek, the trigljrph over the angular column extends are hardly less frequent in their works than the honey- 
to the angle of the architrave, which does not appear to suckle is in those of the Greeks. Mouldings were en- 
have been the practice of the Romans ; yet the reason for riched with them ; and a raffled leaf masks the angles ot 
so doing does not appear to have been understood, for the carved cymas and ovalos in the former, as a honeysuckle 
cxtemiu intercolunmiations are the same as the others. does in the latter. Nevertheless, the honeysuckle and 
As far as we have the means of judging, the Romans iotus are both found in Roman enrichments, particularly 
made the antse of their Doric similar to the columns, only the latter, and perhaps even more than in Greek. It is 
tnat they were of course square instead of round ; though not uncommon to find examples of Roman ardutecture 
indeed an attached column appears to have been geno- completely overdone with ornament,— -every moulding 
rally preferred. carved, and every straight surfiice, whether vertical or 
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lutiaQ horizontal, sculptured with foliage, or with historical or vemcd him in subjecting to fixed laws all the varieties lulian 
▲rchitee- characteristic subjects in relie£ This fault is most ob- with which he appears to have been acquainted, they form- Architco- 
^"'*" vious in those works which exhibit similar bad taste in cd a fifth, of a medley of two of his, thus completing ^^IJ'iSLy 
the general composition* The triumphal arch of Septimi us the Italian orders of architecture. The school which 
Severus, the little arch of the golosmiths, and the half- was founded on the Vitruvian theories has systematized 
buried ruin called the temple of Pallas, in the forum of every thing, and laid down laws for collocating and pro- 
Nerva at Rome, are eeregious specimens. The entabia- portioning all the matter it furnishes for architectural 
turq of the arch of Titus, too, is overloaded with orna- composition and decoration. It teaches that columns 
ment. are modelled from the human figure; that the Tuscan 
Frie2eenrichment8,con6istingof foliage composed with column is like a sturdy labourer — a rustic; the Doric 
animals, and a variety of other tilings, are very common is somewhat trimmer, though equally masculine — a gen- 
tn Roman architecture. Many specimens indeed are not tieman, perhaps ; the Ionic is a sedate matron ; the Co- 
found in existing structures, but there are numerous rinthian a lascivious courtesan; and the Composite an 
fragments of entablatures of destroyed edifices which ex- amalgam of the last two! In a composition which admits 
hibit them in great variety. Their general character is any two or more of them, the rustic must take the lowest 
exuberance, and a tendency to frittermg, from the variety place ; on his head stands the stately Doric, who in his 
and incoherence of form in their composition ; but their turn bears the comely matron, on whose head is placed 
effect can only fairly be judged of when seen in appro- the wanton, and the wanton again is made to support the 
priate situations. One existmg example of an enriched lady of doubtful character I But as we in this place are 
frieze of the kind referred to, that of the temple of An to- neither apologists for nor impugners of any particular doc- 
ninus and Faustina, speaks strongly in its favour, for nothing trines, we proceed at once to point out the general fear 
can surpass its efficiency and simple beaut]^ ; but it must, tures of the Italian style ; premising only, that, according 
moreover, be confessed that, when examined in detail, to the practice of the school, every thing is confined 
the enrichment is less exuberant, and is composed of to an exclusive use and appropriation ; such columns may 
fewer parts, than most others of the species to which that be fluted, and such must not ; such a moulding may be 
example belongs. Architectural ornament, however, is used here, but not there ; and so on. The proportions and 
not confined to purely architectural works. We find many arrangements of an order, of any part of one, or of any 
beautiful specimens of it on the vases and candelabra thing that may come within an architectural composition, 
which decorated the baths and mansions of the ancient are fixed and unchangeable, whatever may be the purpose 
Romans, and whose elegance of form rivals even tlie or situation for which it is required; whether, for instance, 
beauty and delicacy of their enrichments. Whether these an order be attached or insulated, the colunm must have 
should be refored to the Romans or not, is doubtful ; for exactly the same number of modules and minutes in 
it has been already intimated, from the style of many of height. It is true that the masters of the school are not 
them, both in outhne and ornament, which appertain more agreed among themselves as to those things in which they 
to the Greek, that they are the productions of Grecian are not bound by Vitruvius ; but every one not the less 
artists; but indeed tliey belong exactly to neither, for they contends for the principle, each, of course, prescribing 
frequently possess the beauties, and sometimes exhibit the his own doctrine as orthodox on the unsettled points. 
defects, of both. There are existing works, clearly of Mouldings are considered as constituent parts of an or- 
Roman origin, fiv inferior in every respect to the objects der, and are limited to eight in number, strangely enough 
Uat mentioneoL These are for die most part cenotaphial including tlie fillet. They are the cyma-recta, cyma-re- 
monuments, saroophagi, and altars, whose composition, de- versa, commonly called tlie ogive or ogee, the ovale, the 
tails, and enrichments, are gross and inelegant when com- torus, the astragal or bead, the cavetto, the scotia, and 
pared with the objects aDuded to. The difference may the fillet. They are gathered from the Roman remains, 
arise merely fix>m the inferiori^ of the artists of the one to but reduced to regular lines or curves, which may be 
those of the other, and not mm the difference of their drawn with a rule or struck with a pair of compasses, 
schools ; but the prevalence of Greek taste in the superior Arranged according to certain proportions, with flat sur- 
iRoductwns is not the less striking because it was acquired faces, modillions, and dentils, a profile is formed ; no two 
by education, while it is wanting m the inferior, whose au- conjoined moulding maybe enriched, but their ornaments, 
thors had not been imbued with the spirit and fine feeling as well as the modillions and dentils, must be disposed so 
of the Greek style* &8 to fell regularly under one another, and, whencoluronK 

^ ^ . occur, above the middle of them. 

Ur ITALIAN ARCHiTKCTURB. ^ qj,^^j, jg ^[^ ^ y^ composcd of two principal Darts, PlaU xril. 

Gothic architecture, — that is, the style which preceded the column and the entablature ; these are dividea into 

the Pointed, — being for the most part a mere deterioration base, shafl, and capital, in the one, and architrave, frieze, 

of Roman, and possessing no peculiar character which and cornice in the other, and are variously subdivided in 

can recommend it as a subject for study and imitation the different orders. The Tuscan column must be made 

thf!f may not be deduced irom the Roman style, and seven diameters in height, the Doric eight, the Ionic 

Pomted architecture beine a genus per se^ we have nine, and the Corinthian and Composite ten. The height 

thought it better to allow the Italian, or revived Roman of the entablature, according to some authorities, should 

style, to usurp its chronological place ; as the latter more be one fourth the height of the column, and, according to 

miturall V follows what it pretends to be derived from, than others, two of its diameters. The parts of the entablature 

it would follow the Pointed, or than the Pointed would of all but the Doric may be divided into ten equal parts, 

tlie Roman. four of which are given to the cornice, three to the nieae. 

We haye already stated that Italian architecture, and three to tlie architrave ; and in the Doric, the entab- 

though professedly a revival of the classical styles of lature bein^ divided into eight parts, three must be given 

Giieece and Rome, was formed without reference to the to the cornice, three to the frieze, and Uie remaining two 

existing specimens of either, biit on the dogmas of an ob- to the architrave. For the minor divisions a diameter of 

scure Roman author, and the glosses of uie '' revivers" the column is made into fiL scale of sixty minutes, by 

on his texL Vitruvius described four classes or orders whidi they are arranged ; but this is obviously irrelevant 

of columnar composition; and| on the principles which go- if the whole height of die entablature is determined by 
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Italun the height of the column, and not by its diameter ; in this ed. This consists of two systyle intercolumniations, the Itslian 
Architec. («^e, therefore, they must be proportioned from the ge- column that should stand in the mid- distance between two Architcc 
^^^' neral divisions already ascertained. Columns must be others being placed within half a diameter of one of them, ^^^^^ 
iiminidhed, according to Vitruvius, more or less as their making in &ct coupled columns or pilasters. It is applied 
altitude is less or greater ; those of fifteen feet high, or to insmated columns as well as to those which are attach- 
thereabout, being made one sixth less at their superior ed. Following Vitruvius, the Italian school makes the cen- 
than at their inferior diameter, and that proportion is tral intercolumniation of a portico ^ider than any of the 
lessened gradually, so that columns fifly.feet high shall others. Arched openings, in arcades or otherwise, are Plate XI\. 
be diminished one eighth only. On this subject, however, generally about twice their width in height ; if, however, 
many of his disciples controvert the authority of their they are arranged with a columnar ordinance, haTing co- 
master ; and some of them have fixed the diminution at lumns against the piers, they are made to partake of the 
one sixth of a diameter for columns of all sizes in all the order to which the columns belong, being lower in propor- 
orders. The entasis of columns is disputed also, some tion to their width with the Tuscan tlian with the Doric, 
authorities making it consist in preserving the cylinder and so on ; and the piers are allowed to vary in the same 
perfect one quarter or one third the height of the shaft manner, from two 6nhs to one half of the opening. With Fig. U ^ 
fit>m below, diminishing from thence in a right line to the columnar arrangements, moulded imposts and archivohs 1^ 
top ; while others, following Vitruvius, maxe the colunm are used ; the former being made rather more than a semi- 
increase in bulk in a curved line from the base to three diameter of the engaged columns in height, and the laiU^r 
sevenths of its height, and then diminish in the same exactly that proportion. Variously moulded key-stones 
manner for the remaining four sevenths, thus making the are used, too, projecting so that they give an appearance of 
greatest diameter near the middle. support to the superimposed entablature. Smaller colunmsFig. 12. 

It being difficult to determine among the masters of with their entablature are sometimes made to do the duty 

the Italo- Vitruvian school whose designs of the various of imposts, and sometimes single columns are similarly ap- 

orders are to be preferred, we have selected those of plied; at others, columns in couples are allowed to stand for Fig in. 

Palladio, certainly not for any superior merit they possess, piers to carry arches. In plain arcades the masonry is gene- Fig. 13. 

but because he is more generally esteemed than any other, rally rusticated, without any other projection thin a plain 

and because he the most strictly adhered, as far as he blocking course for an impost, and a blocking course or cor- 

could understand them, to the precepts of Vitruvius. nice crowning the ordinance. Niches and other recesses 

It should be remarked, however, that although Palladio are at times introduced in the plain piers, which are in that 

has fluted all but the shaft of the Tuscan column, he caseconsiderably wider than usual, or in the spandrels over 

very seldom fluted columns in his own practice ; and wide piers. Very considerable variety is allowed in these 

indeed it may be called the custom of the Italian school combmations, which will be best imderstood by reference 

not to flute, how much soever their doctrine ma^ be to to the examples. Doors and windows, whether arched or 

the contrary ; for fluted columns in Italian architecture square, follow nearly the same proportions, being made, in 

are exceptions to the general practice. Swelled or pil- rustic stories, generally rather less than twice their width 

lowed friezes are not peculiar to Palladio ; they are more in height, and in others either exactly of that proportion, 

Y less common to the works of most of the masters or an eighth or a tenth more. If they have columned or 

of the same school. Prostyles being almost unknown pilastered frontispieces, these are sometimes pedimented ; 

in Italian architecture, antae are not often required; and, except in rustic stories, whether with or without 

but when they are, the meanest succedaneum imagin- columns, a plain or moulded lining called an architrave is 

PI. XVJI. able is recurred to. Of this, Palladio's Villa Capra near applied to Uie head and sides of a door or window. This 

i^'itf- ^- Vicenza, and Lord Burlington's Palladian Villa at Chis- architrave is made from one sixth to one eighth the width 

wick, afford striking examples* Pilasters, however, are of the opening it bounds, and it rests on a mocking course 

very common, so common, indeed, that they may be call- or other sill, as the case may be. In the absence of 

ed pro-columns, as they are often used as an apology for columns or pilasters in the frontispiece, their place is fre- Fig. 2 & 4 

applying an entablature. Tliey are described as differing quently supplied by consols or trusses of various form and tnd Plate 

From columns in their plan only, the latter being rounc^ arrangement, backed out by a narrow pilaster, which may VIT. 

and the former square ; for they are composed with bases be considered as the return of the frieze of the entablature, ^' ^- 

and capitals, they are made to support entablatures ac- and supporting the cornice. It is not uncommon for the 

cording to the order to which they belong, and are fluted architrave linmg to project knees at the upper angles, 

and diminished with or without entasis, just as columns of and this is sometimes done even with consols and ttieir 

the same style would be. When they are fluted, the flutes pilasters. With columned frontispieces to gateways, doors, 

are limited to seven in number on the face, which, it is said, and windows, arose the custom, so frequent in Italian 

makes them nearly correspond with the flutes of columns ; architecture, of rusticating columns, by making them 

and their projection must be one eighth of their diameter alternately square and cylindrical, according to the heights 

or width when the returns are not fluted ; but if they are, of the courses of rustic masonry to which thev are gene- 

a fillet must come against the wiJl. Pedestals are not con- rally attached, and with which they are less offensive than 

sidered by the Italo- Vitruvian school as belonging to the in other collocations. The practice of the Cinqueeen4o 

orders, but they may be employed with them all, and school ofpiling columns on columns, with their accessories* 

have bases and surbases or cornices to correspond with is warranted by the -doctrine of its master ; but his pre- 

the order with which they may be associated. The dado cepts not being practicable, recourse has been had to the 

of a pedestal must be a square whose side shall be equal inferior works of the Romans, which present examples of Fifr. 1. ^ 

to that of the plinth of the column or pilaster which rests it. The difficulty of preserving any thing like a rational I^*^ ^^- 

on it, or a parallelc^am a sixth or even a fourth of a dia- arrangement is acknowledged on all han& to be great, it 

meter taller The intercoluroniations of columns are call- not insurmountable ; for if th^ first or lowest order be at 

ed pycnostyle, systyle, eustyle, diastyle, and araeostyle, an intercolumniation fitting its proportions, the second or 

and are strictly adhered to m Italian architecture when next above it, though diminished ever so little, is already 

columns are insulated, and that is not very often ; when deranged, for it has the same distance from column to 

they are attached, the interspaces are not limited, rxccpt column that the inferior order has, whilst the columns 

«\])en a peculiar arrangement called aneosystyle is adopt- themselves are smaller in diameter, and their entablatum 
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Italian consequent) J shallower. This derangement must of course we find the proportions of fronts to vary so considerably, Poiateu 
Archive, increase witli every succeeding ordinance, rendering it as to make it evident that he did not consider himself An8bit#»r 
ture. indeed impossible to make such a composition consistent* bound by any rule on that point. In some cases we find ^"^' 
"^^'^^'^^ rhe moat approved practice in arranging order above order the length to be once and one sixth the height, in others ^"^ ^ 
appears to be, that the upper column shall take for its dia- once and a fourdi, once and a half, twice, twice and a 
meter the superior diameter of the one below it; that sixth, and even thrice and a sixth ; and elevations by other 
when the columns are detached their axes shall be in the masters of tlie school are found to vary to the same ex- 
tame peqiendicular line ; but when attached or engaged, tent. The proportions of rooms, again, range from one to 
the phnth of the pedestal of the upper shall impend the two cubes inclusive, though it is preferred that the height 
top of the shaft of the lower column. The most rational should be a sixth, or even a fiflh less than a side when the 
mode, however, for diminishing, if reason can be applied to plan is a square ; but the sesquialteral form, with the 
such compositions, is to carry the diminution through, the height equal to the breadth, and the length one half more, 
outlines of the columns of me lowest order being drawn is considered the most perfect proportion for a room, 
up in the same direction, and so the columns of every There is considerable variety and beauty in the foliate 
story would take up their place and be diminished in re- and other enrichments of an architectural character in 
F 1 ^^^ gradation. When columns are attached, or pilastere many structures in Italy, but very little ornament enters 
' ^^' ^ used, m Italian architecture, the almost invariable custom into the columnar composition of Italian architecture. 
PI \ V I *** *^ break the entablature over every column or pilaster, Friezes, instead of being sculptured, are swollen ; the shafts 
* or over every two when they are in couples. Because of of columns, it has been already remarked, are very seldom 
the great length of the intercolumniation, it would appear fluted, and their capitals are generally poor in the extreme^ 
to have been done at first ; but it has frequentlv been done mouldings are indeed sometimes carved, but not oflen ; 
by some of the most esteemed practitioners of the school, rustic masonry, ill-formed festoons, and gouty balustrades, 
even without that excuse, so that it may be held as approv- for the most part supply the place of chaste and classic 
ed by them. A basement is either a low stereobate or a enrichments. This refers more particularly to the more 
lofty story, as it ma^ be intended to support a single ordi- cloisic works of the school ; in many of the earlier struc- 
nance the whole height of the main body of the structure, tures of Italy, especially those of the Trecento period, and 
or indeed the lowest of two or more orders ; or as it may on monuments of various kinds, we find what may be odled 
occupy the ground story of a building, and support an a graceful profusion of ornament, of the most tasteful and 
ordinance, or the appearance of one, above. In either eleeant kind ; few carved mouldings, however, and very few 
case, much is necessarily lefl to the discretion of the weU-profiled cornices, are to be met with in Italian compo- 
architect ; but in the latter the height of the order it is to sitions of any kind. In many of the later architectural workf 
support is the generally prescribed height of the base- of that country we find again a profusion of ornament of the 
ment. A basement may be rusticated or plain ; if it be most tasteless and inelegant description, chiefly in the gross 
!ow, and is not arranged like a continued pedestal, it and vulgar style, whidi is distinguisned as that of Louis XlV. 
must have neither cornice nor blocking course ; but if of France, 
iofty, a deep, bold, blocking course is indispensable. An f\ -o 

attic may vary in height from one quarter to one Uiird the ^' Pointkd Architecture. 

height cf the order it surmounts ; attics are arranged with There are so many varieties of this beautiful style, and 

a base, dado, and coping cornice, like pedestals, and gene- the variations are at the same time so considerable and 

rally have pilastera oroken over the columns below. The so minute, that it is impossible to describe it generally, 

rule for the form, composition, and application of pedi- Every country in which it was practised had some pecu- 

ments in Italian architecture, if it may be gathered from liarities in its composition, and, to develope it perfectly, 

the practice of the school, appears to be to set good taste all of them should oe pointed out. This, however, would 

at defiance in them all. We find pediments of every shape, far exceed our limits ; and as the specimens of our own 

composed of cornices, busts, scrolls, festoons, and what not, are not excelled, if indeed they are equalled, by those of 

and applied in everysituation, and even one within another, any other country, a consideration of the style as exhi- 

to the number of three or four, and each of these of differ- bited by them will afford us a better opportunity of de- 

ent form and various composition. The proportion laid teloping it than could be obtained by making our obser- 

down for the height of a pediment is from one fourth to vations more general. 

one fifUi the length of its base, or the cornice on which it Various classifications of Pointed architecture have 
IS to rest. Balustrades are used in various situations, but been made, and in almost all of them the arch is con- 
tfaeir most common application is in attics or as parapets, sidered the index, as the column is in columnar architec- 
on the summits of buildings, before windows, in otherwise ture ; for, like that, it is more expressive of variety than 
close continued stereobates, to flank flights of steps, to any other feature in the composition to which each be- 
front terraces, or flank bridges. Their shapes and proper- longs. These, too, form the grand distinctions between 
tions are even more diversified than their application : that the Greek and its derivative styles, and the Pointed ; but, 
of most frequent use is shaped like an Italian Doric independently of the column in the one and the arch in 
column, compressed to a dwarfish stature, and consequent- the otlier, the two species of architecture may be said eacli 
ly swollen in the shaft to an inordinate bulk in the lower to have certain governing principles, which sufficiently dis- 
part, and having its capital, to the hjrpotrachelium, revera- tinguish and make it impossible to mould them together 
ed to form a base to receive its grotesque form. The base in one composition, and almost to apply any of the lead- 
and coping cornice of a balustrade are those of an ordinary ing forms of the one to the other. They may be thus 
attic, or of a pedestal whose dado may be pierced into generally laid down. In Greek and Roman architecture 
balusters. The general external propoftions of an edifice, the general running lines are horizontal, as in entabla* 
when they are not determined by single colunmar ordi- tures and single cornices. In Pointed, the general run- 
nances, appear to be unsettled. The grand front of the ning lines are vertical. In the former, arches are not nc- 
IM. XVll. Famese Palace in Rome is in two squares, its length being cessary to a composition ; in the latter, arches are a really 
^'S- ^- twice its height; the length of each front of Vignola*8 fundamental principle. In Greek and Roman, again, 
celebrated pentagonal palace of Caprarola is twice and a columns require an entablature ; in the Pointed style no 
quarter it^ lieight above the bastions. In PaUadio's work^ sudi thing as an entablature composed of parts is ap(4»- 
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Foinied cable to tlie pillars, columns, or shafts. ( Vide Rickman's those of Rochester in Kent, Hedingham m Essex, Corns* Pointed 
Archttec. Attempt, Sec. p. 110.) ' brough in Yorkshire, and Guildford in Surrey. Manj Architee. 
v^^j^Lj These, however, only determine the generic differences mbor edifices, principally ecclesiastical, exist in almost cji"^ 
^^^^*^ which exist ; the varieties in the former styles we have every county in England Mr Rickman remarks two sped- ^^"^"'"^^ 
found to be marked by such and such distinctive features mens of this style as peculiarly deserving of attention ; the 
in the columns and their accessories, which allowed them one in the vestibule or entrance of the chapter-house at 
to be divided into orders. In the latter the varieties arise Bristol, and the other in the staircase leading to the regis- 
chronologically, and, consisting for the most part in the try of Canterbury Cathedral ; Uie former for its simplicity 
forms and arrangements of details, are not incoherent; and beauty of composition, and the latter for its singularity, 
nor are certain proportions either fixed or determinable, and as exhibiting a very fine specimen of enrichment. The 
and consequently ^hey cannot be rendered into orders. roo&, or ceilings rather, of the Anglo-Gothic edifices, were 
It has been customary, in treating of Pointed architec- mostly of wood ; but there are various examples of stone- 
ture, to class with it the Saxon and Norman Gothic styles, groined ceUings to be found in crypts, whidi ^jpertain 
This is at least unnecessary, as they have no direct rela- to this style. Spires were unknown : there are, however, 
tion to it, except that of immediate precedence in point turrets crowned with large pinnacles of a date anterior 
of time, and that the one was the stock on which the to the introduction of the pointed arch, as in Rochester 
other was grafted. The peculiarities of Pointed archi- Cathedral, and the Church of St Peter in the East at Ox- 
tecture are indeed totally mdependent of those of its pre- ford. Towers were not uncommon ; they are square mas- 
decessor the Gothic ; nevertheless we should hardly be sive structures, rising to no great height above tne roof of 
excused for passing over the latter in total silence. the buildings to which they are attached. It may be re- 
According to the best authorities, there are very few marked in addiUon, that many of our ancient structures re- 
specimens of architecture now in existence in this coun- tain the drcular-headed or Anglo-Gothic door, when all 
try which can properly be called Saxon, that is, of a date the rest has been removed, and replaced by work of a later 
anterior to the Conquest, and not of Roman origin ; and date. 

those few are of the rudest and most inferior description. Architects and antiquaries have generally agreed in 
Saxon, therefore, as far as the architecture of this coun- dividing Pointed architecture into three styles of three 
try is concerned, is an improper term. All the ancient succeeding periods. The first commences with the esta- 
structures which are distinguished by the semicircular blishment of tlie pointed arch, and the formation of the 
PI. XVII r. arch may be called Anglo or Anglo-Norman Gothic. It style or manner which accompanies it, in the latter part 
^5g« If 2, consists principally of massive columnar piers supporting of the twelfth century, the time of Henry IL of Eng- 
3. 4, 5, 6. semicircular arches, similarly arched doors and wmdows, land ; the second arose in the beginning of the fourteenth 
^* ®' * ^' and arches on small columns in relief, against a dead wall, century, in the latter part of the reign of Edward I., 
to ornament it. The pier when round lus a rudely foliated and was itself superseded before that century dosed, 
or a rounded capital, and generally a moulded base, and is va- about the time of Richard 11.,^ by the third style, which is 
riously ornamented on the surface, being altogether a rude the latest, for with it, on the introduction of the dnque- 
resemblance of the columns of Roman architecture: it is cenio. Pointed architecture ceased to exist. A difficulty 
at times polygonal, and sometimes piers consist of clusters arises in appropriately naming these three styles, for on 
of small round shafts. Frequently in doors and windows thin that point there is no degree of accordance among those 
columns with rude capitals and bases receive the mouldings who are best qualified to be considered as authorities 
of the arched head ; and, when the opening b divided, such Mr Rickman calls the first the " Early English** style 
columns are placed like muUions, to support the inner arches, the second the '* Decorated English," and the third the 
There are examples of this style which are quite plain m " Perpendicular English ;" to all of which terms Mr Brit- 
every particular ; but it is generally enriched by deep con- ton objects, and, without givinff appellations, except to 
geries of mouldings on the arches, which, when there are the first, wliich he calls the ** Lancet Order of Pointed 
no columns, run down the jams of doors. These are again Architecture,** suggests that the second might be named 
frequently carved, and mostly with the zigzag or chevron with propriety the " Triangular Arched,** and the third 
ornament : grotesque masks, and rude representations of the ** Obtuse Arched." Objecting strongly to the term 
animals, foliage, and flowers, form also common enrichments ** Order,** used by Mr Britton, we think with him that 
in Anglo-Gothic architecture. tlic first might be appropriately called the ^ Lancet Arch** 
This style prevailed down to the reign of Henry II. of style ; but his other distinctions are certainly not more 
England, when the pointed arch made its appearance. A defensible than Mr Hickman's. In the absence, there- 
degree of impressive grandeur pervades its productions, fore, of unobjectionable distinctive terms, as the varietie;. 
notwithstanding their clumsiness, arising from the great arise chronologically, we will speak of them as Periods, 
simplicity of manner and massiveness of proportion by ^^ , «. ^ . > ^ » . . ^ . . 
which it is distinguished. The best existing specimens Of ^ ^*^'' ^^*^ ^ Pointed Archtiecture, 
in London are the vestibule of the Inner Temple church, Mr Rickman describes this style as being distinguished 
which, moreover, exemplifies the transition ; many parts by pointed arches, and long narrow windows without^'*** ^'^• 
of the church of St Bartholomew in Smithfield, and the mullions, and a peculiar ornament, which, from its resem- ^^' 
chapel of the Tower of London. Exemplifications of the blance to the teeth of a shark, he calls the toothed oma- 
style are also to be found in the interiors of Norwich, ment. There is very considerable variety in the forms 
Chichester, Gloucester, Canterbury, Worcester, Roches and proportions of its different examples, as they retain 
ter, Winchester, Durham, Peterborough, Oxford, and Here- the massive character of the Anglo-Gothic, or tend to the 
ford Cathedrals. According to Mr Rickman, the naves more florid ktyle of the next period. In the former tht^J; >^Vlil. 
of Peterborough and Rochester are the most unmixed sharp lancet arch is found at times, in a series of its nar '^<^* ^^* 
specimens. Parts, which are easily distinguished, of the row windows, with rude piers between them, occuoying 
exteriors of many of the same edifices, portions of Lin- the place of die precedent large circular-headed opening ;Fif?. ii \ 
coin, and the towers of Exeter Cathedrals, Bigod*s Tower and in other places springing from the round columnar piers 13. 
at Norwich, and the White Tower in the Tower of Lon- of the former period. In its more advanced works wcPI»te XL\. 
don, afford characteristic external examples of the Anglo- find the same long narrow window systematically arranged,^^S- ^* 
Gothic style. The most striking castellated remains are singly or triply, with light clustered colunms, againct the 
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Pointed piers which divide them, receiving the deep congeries of nastic structures with which the country abounds pre- Pointed 

irchitee- mouldings which forms the archivolt. Its columned pier, sent very beautiful specimens of this style also. Among Ardvitee- 

""]^. too, consists of clustered shafts, generall^r on a round core, other excellent examples of it may be particularised the ^^^^^ 

and always forming cylindrical masses, girded at different chapter-houses of Lincoln and Licnfielo. Those beauti- ^^*^ 

heights with slight ruigs or belts of mouldings. Their ful monuments which the aifection of Edward I. induced 

PI. XV III. capitals consist for the most part of congeries of mould- him to raise to the memory of his wife, called the Crosses 

Fig. 14. ings following the form of the shafts, £ough rich and of Queen Eleanor, are in the style of the first period, 

nNt« x$. flowering capitals are not uncommon. Moulded bases, though they verge on Uiat of the second, and indeed mark 

^'^i' 1* too, are generally used, not dissimilar in form to what is the transition which took place in the latter part of that 

called the attic Iwse of Italian architecture. king*s reign. 

The lancet arch is described from two centres about an rwro j» n » j ^n » j a r- 
acute^ngled isosceles triangle in the line of its base, with Qf^ ^^^ Pertod rf Potnted AreAUechire. 
a radius equal to twice and one third (in some cases more, The style of this period, which is thought by many to 
and in some less) the length of that base, or of the span be the classic age or Pointed Architecture, is descnbed 
the arch is to embrace. Tnis, though the ordinary, is not, by Mr Rickman as being distinguished ** by its large win- 
however, the universal form of the arch in the first period ; dows, which have pointed arches divided by mullions, and 
but the absence of mullions, and in general of tracery, the tracery in flowing lines forming circles, arches, and 
may almost be considered a criterion : yet foliations or other figures, not running perpendicularly ; its ornaments 
featherings are not uncommon, especially in doors, and as numerous and very delicately carved." Mr Britton says 
enrichments to flat surfaces, though every thing of the that ** during this period the Pointed style received its 
kind certainly indicates an approach to the style of the greatest improvements ;" and that, limiting it to the time 
succeeding period. Ribs on ttie angles formed by the in- of Edivard III., '* the form of the arch uien principally 
tersections of arches in groined ceilings, not in ramified in vogue admitted of an equilateral triangle being pre- 
tracery, but with bosses at their apices alone, appertain to cisely inscribed between the crowning point of the arch 
works of the first period. These ribs sometimes spring and its points of springing at the imposts.' The mullions of 
from corbels, and sometimes from the heads of slight this style cli *arly result from the slender shafts which were 
shafts, which may run uninterruptedly from the floor to used in that of the first period against the piers dividing 
the springing of the arched ceiling, against the walls or a number of windows. The piers being removed, it be- 
against the columnar piers ; and a small cornice or tablet came necessary that an arch should be turned from side 
<:ontinuing round them, runs along horizontally to sepa- to side, leaving a space to be filled up in the head above 
rate the vertical from the vaulted surface. Buttresses in the smaller arches. This was done by repeating and con- 
PUce general, of various forms, sometimes in diminishing stages tinning their contours, and connecting them by gracefully 
WlU, and sometimes upright, with acutely gabled heads with- flowing lines and foliations. It is indeed but an extension 
^S' !• out crockets, but having finials — and flying buttresses in of the former; for in some of the early examples ^e^***?^'^' 
particular — belong to this style. The tablets or cornices, mullions are thin columnar shafts having capitals and ^* 
mouldings, ornaments, and the variety and arrangement bases, and the head of the arch is generally filled up with 
of niches, must be gathered from examples. The parapet regular figures, such as foliated circles, leaving spandrels 
or battlement is straight and uninterrupted, and is either or triangular circular-sided spaces in various parts. It is 
plain or ornamented with series of arches or panels with in the more advanced works of this period that the tracery Fig. 4 Aft, 
foliations. Turrets are in some cases square, in others oc- becomes what may be truly called flowing. The mull ion >n<l I'l&te 
tagonal ; but the pinnacles which surmount them are al- is angular and moulded, and the mouldings run all through y^\ 
most always of the latter form, and plain or crocketed, as the composition ; the jamb or architrave mouldings also ^* 
the work may be more or less ornate. Towers, in the run throujofh, and for the most part without the inter- 
style of this period, were generally made to receive that vention of any horizontal mouloings at the impost or 
beautiful characteristic of Pointed architecture, the spire, springing of the arch. Besides the ordinary covering 
litis, in the best examples, is octagonal in its plan, and cornice or drip-stone following the form of the arch, we 
of pyramidal elevation, running to a point, or nearly so, find a mouldea cornice, generally arranged pediment-wise, 
unaer an angle of about 12^, the angle at the base being embracing a window or door, having crockets and finials, 
consequently 84°. In some cases the spire is richly crocket- and resting on corbels, which are almost always masks* 
ed like the pinnacles; but whether plain or crocketed, it This may be called an attached canopy. The columnar 
is surmounted by a bold finial. piers cf this period are nearly square in plan, and are PI. XX. 
The most perfect structure in this style throughout is placed diagonally. They are sometimes composed of ^^C^* '• 
Salisbury CatnednJ, which, unlike any other Pointed ca the- clustered snafts, and sometimes of shafts separated by 
dral in England, except perhaps diat of Bath, was begun deep hollows. Their capitals are either moulded simply 
and finished in the same manner ; and so excellent an in rather a deep congeries, or with woven foliage under a 
example is it, that it has been proposed to call the style moulded abacus. Ineir bases are a diminishing series of 
of the period the Salisbury style. Not inferior in merit, bold mouldings, supported generally by a vertical-faced 
and hardly less perfect a model of the same, is Beverley octagonal plinth. The shatxs which support the ribs of 
Minster. That which is of later date in it is easily dis- the roof or ceiling tracery, in the finest examples of this 
tinguishable ; and being confined to particular parts, it style, spring from rich and bold corbels in the angles of the 
hardly interferes with the unity of the composition. The arches, or the spandrels, immediately above the piers. The 
tranaepts of York Minster are also of the first period, and groining ribs do not adhere to the angles of the groins mere- 
so is a ^reat part of Westminster Abbey. The fronts of ly, but are set more profusely to form tracery; and rich bosses 
Ely, Lincoln, and Peterborough Cathedrals exhibit good are put at every intersection. Buttresses of the second pe- 
mecimens of it. Indeed there is hardly one of all our riod are exceedingly various: on quoins they are mostly set 
Pointed cathedrals which does not partake of this style dia^nally. They either diminish graduafiy in heights or 
in a greater or less degree. It will be most generally stories, and finish under the cornice, or they run through ^ ^-^l' 
foimd interwoven with and superimposing the Anglo- and are surmounted by pinnacles. In some cases the sets- ^>ff- ^' 
Gothic where that exists, and inferior to, when in con- off in diminishing are made simply^ witli an inclined shelf; 
flection with, works of a later period. Many of the mo* in others every set-off is formed with a pediment properly 

I 
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Pointed enriched, and the face of the buttress is commonly orna- period, by the perpendicular and parallel lines found m the Pointed 
Arrhitec- mented with blank tracery in panels or in niches. Flying nead or arch, and by the use of transoms to divide the Airhitec- 
^^^' buttresses of this period are also more ornate than those of bays into heights, yet the presence of a window of this ^^^^ 



sight as much as possible. Parapets are either pierced this sort of window will be found where it is the only pig. 6. 

or embattled, and a similar variety is maintained m pedi- specimen of its age or style in the structiure. Other points 

ments. Pinnacles are generally square, but they stand must therefore be attended to. 

diagonally with regurd to the turret or buttress on which The simpler arches of this style are, like those of the pre- 
they are placed, their angles resting on the apices of the ceding periods, struck from two centres only ; the two sides 
pecuments which surmount the faces of the substructure, or halves of the arch are similar segments of a circle whose Plau> 
These pinnacles are richly ornamented with crockets and radius in this case is about three rourths the width of theXXll. 
finials. Spires are less common in the more extensive opening. Others are segments of ellipses, and are of course ''"^K- ^- 
works of tnis period than in the precedent ; but in those struck from four centres ; but some are eccentric curves, 
of minor importance they are frequent, differing little, which may be drawn, but cannot be described. Many of 
however, from the same object in works of the first period, both the latter descriptions are extremely flat or depressed, 
except in being more highly enriched. Towers are richly the angle at their apex being very obtuse. The osee or con- Fig. 8 & 1 1 
pinnacled ; but the pinnacles rest for the most part on tnisted arch is also found in works of this period, but tliis 
small turrets rising from the angles of the tower itself, is more common in internal tracery than in external form, 
and seldom from projecting turrets or from the heads of The modes of arranging tracery roust be gathered from 
buttresses, which latter are generally found to die awa^ examples, for they possess no degree of regularity to ren- 
below the cornice. The details and enrichments of this der it possible to describe ihem generally in words. Mul- 
style are too curious and complicated for verbal descrip- lions are richly moulded, and so are the architraves of 
tion, but they may be gatherea from the examples. both doors and windows ; the deep congeries of mould- 
We possess no one complete cathedral of the second ing^ forming architraves are not intercepted by horizontal 
period, but almost all our larger Pointed structures pre- or impost mouldings, but run through from the head down 
sent specimens of it in a greater or less degree. Except- the sides or jambs. The angular or pedimented canopy to Plate 
tng perhaps the upper story or belfries of the towers of an arched opening in the style of the second period as-xxi. 
Plate York Minster, which are of the third period, its west sumes in this the form of a contrasted arch ; it is corbell- ^*|.?'|* 
XXI. front is a model for this style, and it presents specimens ed and enriched with crockets and finials as in that. Doors, ^^ |i^°^^ 
^W* I* of almost all its external peculiarities. The nave of the however, in this style are peculiar, because whatever the p|^^^" 
same edifice, and the interior of Exeter Cathedral, are form of the arched head mav be, it » inscribed in a square xxir. 
perhaps the finest examples of the second period. The frame or canopy, the spandrels being variously enriched. Fig l. 
latter edifice, indeed, lias the reputation of presenting a Columnar piers of this period are of almost parallelogramic Fig- ^ 
greater and more pleasing variety of tracery than any form, thinner in the direction of the arches, and generally 
other of the same style. To these ma^ be added the plain on the longer sides, but deeply moulded and running 
cathedrals of Lincoln and Ely, both of which contain much to a thin shafl on the outer edges. These mouldings are 
that is valuable. Next to these cathedrals may be placed those which enrich the arch, there being no capital of any 
Beverley Minster, which is not only a mine of beauty of kind to intercept them, so that they run, as m windows 
the first, but itpresents many exouisite specimens of this and doors, all round the opening. To this, however, there 
period also. Tne steeple of'^St Mary's Church, Oxford, are exceptions. The thin shaft which is formed on the 
IS a fine example in this style of the combination of tower outer eoge of the pier continues through from floor to 
and spire. Miany minor works in England, and several ceiling, to receive the groining ribs ; and it has a thin con- 
in Scotland, are excellent ; particularlv much of what re- geries of mouldings at either end to form base and capi- 
mains of the High Church, Edinburgh, much of the re- tal. The tracery of the ribs of groined ceilings of this 
mains of Elgin Cathedral, and the largest portion of those period is most profuse, and beyond description intricate, 
of Melrose Abbey, which, it would appear, was not ex- To this also belongs the absurdity called basket groining, 
celled, when perfect, by any thing in tlie kingdom. in which the arches are made to spring on one of their 

nra^ m^ n.w^./* Pm«iy.# >I«.A.a«a«^ *'^®* ^.^™ * pendent mass, which, though rich and gor- 

Ofthe Thard J^enod of J^onUed ArdUiectwre. g^j^^g j^ appearance, threatens constant ruin. Quoin 

This is that period of the style commonly known as buttresses standing diagonally are not so common in this 

florid Gothic The first authority ouoted with r^ard to as in the preceding style : in form, however, they are not 

the styles of the two preceding periods calls it tlie Per- dissimilar, excepting tliat the sets-off are plain moulded 

pendicular English, and says that this name clearly desig- slopes for the most part, instead of having pedimented or 

nates it ; ** for the mullions of the windows and the orna- trian^lar vertical heads, as in that, ^ying buttresses 

mental panellings run in perpendicular lines, and form a are, like the style generally, very much enriched, and are 

complete distinction from the last style." Mr Brittun, very commonly used. Parapets are variously arranged ; 

however, insists that the term perpendietdar^ though per- indeed they embrace almost every peculiarity! being either 

haps proper enough, if the style could be sufficiently dis- plain, paneUed, pierced, or embattled ; each deoonted 

tinguished by the mullions of the windows and the up- arrangement is effected by difierent means. Pinnacles in Fig* 8 &^^ 

right forms and continuity of the panelling over entire this style are generally square, but there 9ire examples of 

surfaces, '* gives no idea of the increased expansion of th^ pinnacles whicn have a greater numb^ than fourades ; in Fig. 1* 

windows, nor of the gorgeous fan-like tracery of the vault- the former and most usual case they are sometimes placed 

ings, nor of the heraldic description of the enrichments with their sides parallel to those of their pedestals^ and 

which peculiarly distinguished this period ; neither does sometimes diagonally : they are of course in every case 

it convey any information of the horizontal line% of the highly enriched with crockets and finials. Spires of this 

door-ways, nor of the embattled transoms of the windows, are^ hardly distinguishable firom ^ires of the preceding 

nor of Uie vast pendents that constitute such important period ; and towers, of which there are innumerable spe* 

features in the tnird division." Although windows with cimens, may be known by the construction of their but- 

tracery in them may be determined as belonging to this tresses, and by the arrangement of the tracery in the headu 
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rotnttfd of tlieir windows, as the windows of towers are generally are straight and uninterrupted Uirouffhout their whole Beftutjin 

Arcbitec- contemporaneous with that story, or stage of it at least, length. The ancient monuments of Egypt, of Grecccy Architee- 

^^Jl^^^^^ to whicn they belong. Octa^nal or otherwise polygonal and of Rome, offer the roost complete exemplifications of vj^"^ 

^-^^^^^ turrets- at the angles of buildmgs are not uncommon, and this. No other than the long, unbroken Une which bounds ^"^^^ 

they generally finish with an embattled parapet The the temples of Egypt could produce an effect so grand ; Plato If. 

pedestals which support the pinnacles on the angles of and no other than the simple, square, and pyramidal 

towers, and at the heads of buttresses, seldom have pedi- forms, could be productive of so much dignity as they 

mented faces, as in the preceding period, but finish with a possess. In the pyramids and obelisks of the same coun- 

corbelled battlement, and not unfrequently send up minor try the effect of tliis simplicity is even more obvious. In 

turrets and pinnacles firom its angles. the temples of Greece, again, the same dignified simpli-pi.xxVH. 

In the more ornate works of this style the enrichment city is still predominant ; for although in them the paral- 
of flat surfaces is carried to great excess, and it is gene- lelogram and pyramid are combing, they are not con- 
rally effected by means of panelling. Niches witli their fused ; their mass consisting of a parallelopipedon whose 
canopies, tabernacles, screens, and stalls, exhibit the most ends are surmounted by vertically faced pyramids, con- 
exuberadt profusion of ornament, for the most part effect- nected by an unbroken line of ridge running parallel to 
ed in this manner ; but we find, besides, a considerable the horizontal boundaries of the sides. Those of the Ro- 
variety of ornaments, foliate and heraldic ; of the former man monuments which are deficient in simplicity are also 
the Tudor flower, which is a combination of the roses, is deficient in beauty. Such are the triumphal arches, 
pleasingly predominant. whose general form is broken by columns and arches ^^^ ^'* 
The only one of the cathedrals entirely of this period which subject themselves to no commanding outline, but J^^' ^^ ^ 
is that of"^ Bath ; but being generally inferior in merit are all at Uie same time prominent features of and ex- ' 
to many other examples, it need not be cited. Many of crescences from the general composition. In the temples 
the cathedrals, however, have large portions in this style, which are on the Greek model it is not so ; nor is it so in 
which can hardly be mistaken if the form of the arches, the long series of arches in the Roman aoueducts, which 
the arrangement of the tracery, and the mode of enrich- are crowned and connected by commanding lines, unim- 
ment, be attended to. The finest west fironts of the third peded by projections or protuberances of any kind, llie 
period to cathedrals are those of Gloucester, Winchester, crucial form of the Pointed cathedral may be thought to 
and Chester ; but that of Beverley Minster is by far the detract somewhat from its simplicity, and so much from 
most perfect and roost classic specimen in existence, not its beauty ; but it is an aggregation c^ simple forms, per- 
Piau excepting the finont of Westminster Hall, which is also fectly coherent with the tendency of the leading lines in 
XXII. of great merit, and presents a dasnc exemplification of the style, which, we have seen, is vertical ; and the lines are 
^ig- 1- most of the peculiarities of the style. Taken as sepa- therefore not broken by the projected masses of the tran- 
rate edifices, the chapels of St George at Windsor, of septs, as they would be in the Egyptian and other styles, 
Henry VII. at Westminster, and of lCing*8 Colle^ at the tendency of whose commanding lines is horisontaL 
Cambridge, are the roost coroplete, as they are entirely Otherwise the Pointed cathedral is a modification merely 
and peculiarly of the third period. The central towers of the form of a Greek temple, with other parallelogramic 
of the archiepiscopal fanes of Canterbury and York, the forms added to it, as towers, or pyramidal* as spires. The 
tower of Gloucester Cathedral, that of Magdalene Colleee, same principle will be found to pervade the best works of 
Oxford, Boston Tower, and the tower of St Mary Magda- the Italian school, more or less modified according to its 
lene at Taunton, are singularly excellent examples of the application. 

style. To smaller edifices, those of Wrexham and Gres- Next to the straight line is the circular ; but the greater 
ford in Wales, and of St Neot's in Huntingdonshire, are complexity of this latter, and the variety of whidi it is 
particularly beautiful. Of steeples, that is, towers having capable, render it more subtile, and for the most part less 
spires superimposed, there are many fine specimens ; but competent to produce grand and impressive effects, ex- 
tne most perfect, perhaps, in composition are those of cept under peculiar circumstances of situatiim and combi- 
Bloxham in Oxfordshire, and Louth in Lincolnshire: the nation. A cupola such as the cupolas of St Peter's at Fl»to \VI. 
former is most admirable rather in general than in detail. Rome and St Paul's in London, if placed on its base on 
' Many of the monastic ruins throughout the country pre- the ground, or even on a low structure, like a laive bee- 
sent excellent specimens of this style also ; indeed it is hive, would be not merely ineffective, but absolute^ ugly ; 
to ecclesiastical structures we must look for architectural and if, in the situations Uiey occupy, the cupolas referred 
display in Pointed architecture, as in that of the Egyptians, to were without the diminishing pinnacles aboye them, to 
Greeks, and Romans. We have just specimens enough bring their general outlines within that of the pyramid, it 
existing of the architecture of the secular structures of is a question whether they would possess the attractive 
our ancestors to show how inferior it was in merit to that beauty they now do. If St Paul's be looked at in the 
of the ecdetiastical ; and if the castellated mansions of my twilight of morning or evening, or when a mist ren* 
the nobility, and the palaces of the sovereigns, cannot vie den its form indistinct, the impression conveyed by the 
in excellence with the cloistered cells of the monks, we mass is that of a lofty pyramid or cone, rising out of the 
may be well assured that ordinary domestic architecture .sul»tructkNi which the cathedral forms, and running off 
was still more of an inferior cast. to a point in the sky. The superstructure of St Peter's 
-, ^ . is, as we have seen, more depressed, and less perfectly 
Elxmemts of Beauty in Architecturb. ^^^ -^ ^jg particular ; yet nevertheless it may be sub- 
Simplicity and harmony are the elements of beauty in mitled to the same test, and the same or nearly the 
ardiitectore; simplicity m the general form and arrange- same result will follow. Furthermore, let a hemisphere 
ment of a suMect, and harmony in the collocation and or an oblate hemispheroid be supposed in the place of 
combination of its various parts. \^Uiout these qualities the prolate hemispheroid, as at j^esent, and this reason- 
a stnictare can never possess either dignity or grace, and ing will be rendered more clear ; for neither of those 
with them it will certamly possess the atUactions of both, forms, eyen with the accessories these possess, would be 
The outline, then, most conducive to baauty in architec- as beautiful ; and without them they would be ungainly 
Uire« is that which bounds the roost simple forms. These deformities, as is proved by that example on the new 
ire the parallelogramic and pyramidal, m which the lines palace in London, on the site of Buckingham House. 
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Beaatj in The ciipoU of Umvenity Coll^;e, London, exemplifies this few simple and well-defined parts of a Grecian ionic en Beauty lo 

Arefaiuo- point aJso; for though its profile is elegant, and its acces- tablature with a Roman or Italian example of tliat order '•^rchitcc- 

*™^**^ Bories are generalljr good* the composition does not re- in the latter will be found a complexity and straining at *°'^* 

^^"^^^/'^^ Motwe itself into a simple form, and the result is far from effect not at all consistent with beauty and dignity, de- ^""^ ^"^ 

being beautifuL termining the compaiison much in fitvour of the former ; £^ ^' 

mien the circular form is employed cylindrically, the and so in many other cases which might be cited. That putexm 

utmost simplicity is required to be preserved in its hori- the more simple arrangement of columns at equal dis- pig. 4. 

zontal, as well as in its vertical lines, or the result will be tances is superior to that in which they are coupled or 

totally devoid of all architectural beauty. In proof of placed only alternately equidistant, is clear from Uie fiict 

this, let the broken and dentilled columnar ordinance that the latter mode was first proposed, and is only used I 

which surrounds the tholobate of St Peter's be compared to obviate difficulties, and not from choice, except in the 

with the noble, unbroken peristyle in the corresponding works of the merest pretenders. 

part of St Paul's. In the former the cylindrical mass is Harmony, concord, or fitness— of proportion, of form, ! 
studded with a series of minute excrescences of coupled of one part of a composition to another, and in the collo- | 
columns ; and in the latter it forms a grand, beautiful, and cation of the various enrichments which architecture re- 
effective compartment of the composition. quires, — is as necessary to its beauty as simplicity. We do 

The preceaing remarks do not of course apply to the not speak of the agreement which should exist between | 

interior of a structure in the same manner ; for although the manner or character of a structure and its application, < 

as high a degree of simplicity is required internally as ex- for that is purely conventional, and totally independent of 

ternally, similar combinations are not necessary, nor are any architectural consideration. The merit or demerit 

they indeed always available. A spacious concave, of what- of a composition is not at all affected by the use to which 

ever form its profile may be, so that its plan be a perfect the edifice is applied ; neither would its front be more 

circle, is one of the grandest works of architecture, and at tolerable, nor its cupola less beautiful, if St Peter's in 

the same time one of the most simple, whether it occupy Rome were, by the course of events, to become a demo- 

a compartment of the structure to which it belones, as in cratic forum instead of a papal basilica ; nor is the monu- 

St Peter's and St Paul's, or cover the complete edifice to ment of London a more or less elegant object, whether it 

which it appertains, as in the Pantheon at Rome. In be understood to record a triumph or a defeat — the bum- 

fbts J(l. such situations it is indeed almost impossible to destroy ing of the city, or its re-edification. Harmony in archi- 

^Ui' ^* its inherent simplicity ; and being unconnected with exter- tecture is that agreement which exists between its various 

nal circumstances, it requires no coherence with any thing parts, as in the relation of a column to its entablature and 

else, being as independent of its substructure as of its ex- stylobate, in the accordance of a cornice with the eleva- 

temal contour for effect. Irregular and intricate forms, tion it crowns, and in the coherence of one part of a com- 

however, in works of architecture, whether internally or position with another. It is that which exists in the com- 

Pigi. 1 and externally, will be found unpleasing. Few can admire the mon tendency of the leading lines of a structure ; and it 

^ external effect of the Pantheon, or of the structure in is that which blends the straight and circular in enrich- 

London called the Colosseum, which has been subjected ment or decoration, as in the capital of an Ionic column 

to the same arrangement, though certain features in both whose square and horizontal form is harmoniously adapted 

may be indisputably good. To these may be added the to the vertical lines and cylindrical form of the shaft, by 

church in Langham Place, London, and indeed many the intervention of the volutes. An inharmonious combi- 

others ; but that is an egregious example in point. The nation arises out of the collocation of the same voluted 

complication of straight and circular in their composition, capital with a pilaster or squared pier. This quality re- 

and the consequent irregular forms and undefined out- xjuires a judicious arrangement of ornament. That a cer- 

lines, totally destroy both simplicity and harmony. The tain deme of enrichment should pervade the whole of a 

comparison of an Egyptian obelisk with a monumental composition, and not be confined to one part of it— for in- 

column of the same relative size will afford the strongest stance a Corinthian ordinance, in which the columns are 

proof of the superiority the more simple form possesses unfluted and the entablature is quite plain — ^is inharmoni- 

over the more complicate. None, however, but those who ous ; for the capitals being masses of rich foliage, are 

have visited Rome, in which city alone the comparison spots, having nothing to connect them with the rest. A' 

can properly be made, can duly appreciate this evidence ; degree of harmony must exist, too, between the solids and 

but London furnishes a contrast almost as much to the vacuities of an edifice. An Italian portico, with its thin 

purpose, in the monument on Fish Street Hill, and the and straggling columns, is an inharmonious object, for it 

k>fly shot tower by the south-west abutment of Waterloo conveys an idea of infirmity and poverty, which is not the 

Bridge. They are boUi of nearly cylindrical form ; but the case with one proportioned like th6 best Greek and Ro- 

one is crowned by a square abacus, and the other by a bold man examples. In the front of a house, windows and the 

cornice, which fi)llows its own ouUine. The greater sim- piers between them being too wide or too narrow will af- 

plicity and conseouent beauty of the latter, having regard feet its character in this respect. The comparative size 

to general fimn alone, are stnkingly obvious. of various portions of the same composition, though they 

Not only in general fimn and outline is simplicity ne- be in themselves simple and harmonious, may be such that 

cessary to beauty in architecture, but also in all its details, they shall not be so m combination. The portico of Uni- 

and even in its enrichments. In exemplification of this, versity College, London, is of f^reat extent and considerable 

a plain Greek entablature may be compared with one in beauty, and the cupola behind and above it is of el^^ant 

the Roman style, in which every thing is sacrificed to form, though deficient in another particular, as we have 

profuse ornament ; and the style of ornament in the latter already stated; yet they do not harmonize — the one is much 

may again with equal advantage be compared with that too large for the other, and their forms are incoherent, 
of the age of Louis XIV. of France. In tiie arrangement Thus harmony has reference to comparative ma^i* 

of the parts of a composition, as well as in the composi- tude, strength, decoration, disposition, and proportion, 

tion itself, simplicity is essentially necessary to the beauty To acquire a knowledge of all these sufficient to produce 

of the whole ; every style will afford exemplifications of a worthy result, a long course of study and careful obs^- 

Pl»te XVI. this also, in the comparison of the more simple with the vation are necessary : but such can only be necessary to 

Fig. 6. more complicate specimens of the same. Compare the the architect ; it is enough for the general student to b^ 
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Comfmn. able to appreciate them when present, and to detect their be attained in that manner, It may be produced without Compoffl. 

tMD- absence. either attaching or insulating columns the whole extent, ^i<"^' 

^^^"^^^ by means of antae and recessed compartments with co-*^^*^*^"^*^ 

PaiMCiFLBa OP Architectural Composition. lumns in them, as on either side of the sates in the north 

or Lothbury front of the Bank of England, and on the flanks 
These must be difTerent in the widely differing species of the churches of St Pancras and St Martin in London ; but 
of architecture, whose tendencies in the one are to hori- a mere pilastraded ordinance, or pilasters with an entabla* 
Kontal or depressed, and in the other to vertical or upright ture and without columns, is balo, tasteless, and unmean* 
lines and forms ; the former including all those varieties ing, as the front of Crockford's Club-house, in London 
which proceed from the Greek and Roman modes of de- also, very clearly shows. In speaking of the Italian style, 
sign, or columnar and circular-arched architecture; and we have shown the injudiciousness of putting order above 
the latter embracing those which arise out of the pointed order, because of the impossibility of maintaining a ra- 
ardi, and which we have distinguished by the term tional arrangement with regard to diminution and inter- 
Pointed. Except in the elements of architectural beauty, columniation. We made that, too, an objection to the ele- 
which must be the same in all architectural works, there vation of the Roman Colosseum ; but the practice is more 
is no similaritjjT whatever between the principles which over objectionable, because of the repetition of the simi- fl«ta Ai. 
govern composition in the two species. Simplicity of form, lar parallel lines of the entablatures, similarly projected too, ^^S* ^ 
and harmony between the parts, are as essentially neces- which destroy the breadth a composition should possess ; 
sary to the one as to the other ; but instead of the leading and because the upper and crowning cornice, if in propor- 
horizontal lines required by the former, the latter is dis- tion to its own ordinance, must be disproportionecf to the 
tinguished by the absence of commanding lines having whole elevation which takes from that member a charac- 
that tendency, and by the presence of strongly marked ter of grandeur or meanness, as it may or may not be fit- 
hiteral projections and vertically inclined lines. The rec- ted to its whole heieht. This is made very evident by 
tangular figure formed by the front of a Greek temple, the opposed fronts of the United Service and Athensutn 
below the pediment, rests on one of its longer sides as a Club-nouses in London, the former of which is finished 
base. In a Pointed composition that order is reversed, by the thin shelf-like cornice of a second order, and the 
and one of the shorter sides becomes the base ; and the latter by a crowning cornice which has some relation to the 
pediment, instead of being a depressed obtuse-angled tri- whole height of the building. In a similar manner, and for 
angle, becomes upright and acute-angled ; the whole mass, the same reason, the practice of raising lofty basements 
moreover, follows the change thus described, so that the to support columnar ordinances is injudicious ; and this 
same figure, a parallelepiped, is set for horizontal or ver- detracts much from the merit of the front of Somerset 
tical composition, as a larger or smaller side is made the House just referred to, by making the crowning cornice of 
base. This being the case, it will be necessary to treat less importance than it should be. In St Pbufs this fiuilt 
of them separately; for rules which apply to the one are is partially relieved by the somewhat exaggerated size of 
totally inapplicable to the other, and tne former, beine of the cornice of the upper order, and by the insertion of 
most common application, may be taken first. We shal] cut blocks, in the manner of upright modillions, under it 
quote the principles which appear to have actuated the the whole depth of the frieze. Nothing, again, should be 
(ireek and Roman architects in the production of their allowed to superimpose a crowning cornice, except what 
best works, or rather the principles which those works de- may form a part of itself, as antefixse; where, however, 
velope, instead of citing all existing ancient works as au- something is absolutely necessary, as on a bridee, a close 
thonties; and determine on those principles how to pro- simple parapet, as low as it may be convenieoOy, should 
duce similar results in cases of which examples do not be resorted to. On the principle first developed, porti- 
appear in ancient practice. In the same manner, we must coes should not be projected from the front of a buildine, 
deduce the principles for general composition in the unless they occupy the whole extent of it, as in a Gredt 
Pointed style, from those which af^ar to enter into its or Roman temple, and so canr the horizontal lines imbro- 
best existing works. ken to the flanks ; or they should be made distinct ana 

independent objects, to which the rest of the composition 

Of Horizontal ComposUion. may j^ subservient, as in Univereity College. A porti- 

Every thing tending to break the continuity of the lead- co should moreover be considerably projected, or the sur- 

ing honzontsT lines in a composition should be avoided. &cc behind it recessed, that the columns may have a back- 

The advantage of adhering to this, and the disadvantage ground of shadow, otherwise it will be poor and inefficient 

n. xyil. resulting from the breach of it, are clearly exemplified m Of this the Greek temples offer a favourable exemplifica- 

y^g' 1. the front of the Famese Palace, and in the flank of St tion ; and most of our churches, and other modem edifices 

n. XVI. Peter's at Rome. In London, too, the fronts of the Ban- which have porticoes to them, prove the correctness of the 

' 'if- ^ quoting House at Whitehall, and of Somerset House to principle in the breach of it. Exceptions more or less 

the Strand, offer similar exemplifications of the principle ; favourable certainly exist, whose superior merit is sufii- 

the former having both the entablatures and the stylobate cient to indicate them. A pediment should never be used 

of the upper ordinance broken round every column, which unless it is made to embrace the whole of tlie end or 

makes the ordinances mere excrescences, and the latter pre- front to which it is attached. Numberless absurdities 

serving the leading lines continuous and unbroken throuffh- have arisen in Italian architecture from the injudicious 

oat, to the manifest advantage of the whole composition, application of this form ; so general, indeed, is it, that 

This applies equally to columned and arcaded ordinances, the fact of a pediment existing under any circumstance 

and to ccmipositions in which neither is used ; and it is as in a work of that style is almost a sufficient reason for 

mudi opposed to the projection of masses to form wings avoiding a similar use of it. Nothing is more difficult 

and centres, whether shallow or deep» as to the breaking than to combine straight and circular, or otherwise bend- 

of an entablature or stylobate round one or two columns, ing lines, with propriety and good taste, and therefore 

Sufficient varie^ of light and shadow is attainable with- theircollocation, m general composition particularly, should 

out Uie use of columnar ordinances at all, as the Famese be seldom attempted. It is wnen they harshly contrast. 

Palace evinces. But if, however, it be required to give as in circular pediments, and in mixed compositions of 

a greater degree of importance to an elevation than can columns or pilasters, with tlieir accessories, ana arches and 
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CfMuposi- their piera, that the combination is bad ; but not so in the Parthenon or the temple of Tiieseus, as the best exiglmg Ocaipoftl 
^"^ connection of the arch with its pier, so that the former models of the order. If an ungraduated s^lobate be jio n. 
^^^^'^^ be semicircular or semielliptical, and not smaller segments, used, which should be avoided if possible, it should not ^^^v^^i^^ 
in which cases they fall naturally and gracefully together, exceed one diameter in height The intercolunmiation ^^*^ ^^' 
The incoherence and inele^nce of contrasted straight and should not exceed one triglyph, as in the Greek temples, ^ ^ 
circular forms are very evident in the New Exchange at though for compositions of a generally less dignified cha- 
Faris, where two tiers of circular-headed windows are seen racter it may, perhaps, be extended to two. A good mo- 
within a Corinthian peristyle. Circular prostyles or cyr- dem example of the Doric order, in a work of Uie latter 
toprostyles should be avoided, as their horizontal lines description, may be seen in the small entrance portico to 
cAnnot be made to harmonize perfectly with any form to the University Club-house in London. The Ionic example PImU VL 
which they may be attached. This however does not appl^ from the Erechtheum, whidi we have given, may be 
to peristyles ; and both the one and the other are exempli- used as a model for that order, with the same restriction 
fied by the transept porticoes and columned tholobate of with regard to the stylobate which is made to the Doric. 
St Paul's, llie use of coupled columns is so absurd, and Additional depth may with advantage be allowed to the 
they are confessedly so inelegant, tliat it seems almost bed-mould of the cornice, and it may be effected by the 
unnecessary to denounce them. Suppose apertures, such insertion of a dentilled member, which indeed some of 
as windows, arranged in couples throughout an elevation, the ancient Greek (though not Athenian) examples pos- 
with very narrow and very wide piers alternating, and both sess. Hie intercolumniation should not be less tlum one 
tlie absurdity and the ineleffance become manifest ; now, diameter and a half, nor should it exceed two diameters, 
neither the one nor the omer can be either lessened or In London this order is admirably applied in the front of 
changed by reversing the case, and putting alternately an Episcopal chapel on the east side 6f North Audley 
wide and narrow openings, as in coupled columnar ordi- Street ; and this particular example is very correctly oo- 
nances. Columns may with propriety be put further apart pied on the exterior of the church of St Ptocras. The 
when they are attached than when they are insulated, great inferiority of the Roman examples of the Doric and ^^^ ^ 
because the entablature, resting in part on the wall, is Ionic orders is too evident to require that what it consists ^^ 3 ^ ^ 
neither in fact nor in appearance made infirm by the dis- in should be pointed out, and Uiey are the models of the 
tension, as it would be if it rested on the columns alone. Italian. The Greek example of the Corinthian order 
All the parts of the same edifice which come into view, might perhaps be improved by making the dentil member ^|*^ ^''' 
under any circumstances at the same time, should corre- of the cornice a little shallower, by projecting the corona *'^* ^ 
spond ; but insulated and attached columns of the same rather less, and by correcting the form of some of the 
ordinance and in the same elevation may, under certain mouldings of the entablature generally. If the columns 
circumstances, without impropriety be arranged with a dif- be used in a prostyle or other position to iwi^'lftt^* them, 
ferent intercolumniation. they may with advantage be made half a diameter less in 
An arcaded ordinance should be considered as only height ; and the intercolumniation should be made less than 
more massive than* and differently shaped from, a colum- it appears in the original, where the columns are attached, 
nar, and may therefore be governed by nearly the same This example has been well executed in the entrance to 
principles. A pier is but a differently shaped and more tlie Philadelpheion or Exeter Hall, in the Strand ; but the 
massive column, and the archivolt out a succedaneum pedestals and the attic are blemishes in the composition, 
for the architrave ; while a bold blocking course, or a com- Of the Roman examples of this order, that of the temple Plata IX. 
mensurate cornice and frieze, as the composition may be of Jupiter Stator is certainly the best. Its greatest ftiultEx- H. 
more or less ornate, will complete the ordinance. Under is the too great magnitude of the cornice, of which every 
this view nothing can be more absurd than to affix columns member, except the corona, might advantageously be re- 
or pilasters to the piers of an arcade to support an enta- stricted one tenth of its height; that which is dentilled 
blature, and certainly nothing can be more inharmonious, might indeed be reduced one fifUi. The projections might 
from the contrast which arises, as we have just remarked, also be diminished in the same proportion, removing the 
between the rectangular lines of the latter, and the in- greater diminution of one fifth in this particular from the 
scribed circular lines of the arch, as well as the incon- dentilled member to the cjrmatium, and the ovale under 
gniity necessarily attending the interspaces of the columns, it, both of which project by far too much. The three fas- 
In speaking of Greek and Roman architecture, we have cias of the architrave are too unequally divided. The 
shown why columns should, and why antse and pilasters lowest might be made as wide as the middle one, by de- 
should not, be fluted ; and have shown also, that a certain ducting their difference from the third or imper one. In 
degree of richness or plainness of surface should pervade a the Tivoli example the architrave is too shallow, and so Ex. 2. 
composition, and not be confined to particular parts of it. are the dentil band and corona of the C(Hiiice; and the 
It will now be enough to add, that m composing, lights cjrmatium is both too deep and too much projected. The 
and shadows should not be scattered on a surface as Uie^ cornice would moreover be improved by denticulating the 
are on the front of the Banqueting House, by broken ordi* dentil band, and by enriching the frieze with an ornament 
nances ; nor should either be too much narrowed, as the less coarse and less massive. If this example be used in 
light on the corona of a Roman cornice too frequently is, a generally ornate composition, some of the mouldinn of 
by the too great projection of the cjrmatium. It will be the entablature should be enriched. The parts of the- 
found, moreover, that shadows projected horizontally are entablature of the temple of Antoninus and Faustina are£z. a 
more in coherence with the horizontal style of composi- well proportioned to each other. The cornice of this ex- 
tion» than those which fall laterally, or from a vertically ample would be improved by givine additional height to 
prcgecting object. the dentil band at the expense of Uie moulding above it. 




give . . -. - 

riety. What is deficient in one may be made up from least one fiflh. The capital of this example is poor, and 

another; and what appears superfluous in one example its abacus is too shallow. The shafl requires fluting, and 

may be omitted, as its omission may appear beneficially one half the depth of the upper fillet of the base might be 

to affect another. The Doric may be aaopted from the added with advantage to the tori and scotia. Tim died 
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Compod- example from the portico of the Pantheon has, like the Entas'w in columns need not be regarded, miless they Cotupnid. 

lion, last mentioned, the parts of its entablature well propor- exceed eighteen or twenty feet in height; but it adcu ^^ 

i!^'^Cy^ tioned to each other. As in the Jupiter Stator example, much to their beauty, and should not be neglected when ^^"^"^^^^^^ 

Lr^ the ardiitrave should be more equally divided, llie they are above that magnitude. No rule can begiven for 

motddings, too, separating the fascias, should be made its production, but it may be thus described. l%e shafl, 

less ; and the superior moulding, at l^t of the archi- instead of being the frustum of a regular cone, is the 

traTe, carved, unless the frieze were enriched, and then it frustum of a cone who8«; outline is not straight, but 

would not be necessary. In the cornice a fiflh or sixth slightly convex ; so that if it were perfect, its vertical sec- 

should be taken from every member of the bed-mould tion would have the form of a very acutely pointed arch, 

and added to the corona. In the presence of modillions. This convexity should, however, be so slight as in the 

however, the dentil band is judiciously kept plain, though finished shaft to be hardly <Ustinguishable. Its abuse is 

the moulding below it would be better if enriched. Ine evident in the columns of the east front of the church of St 

capital of this example is as faulty as that of Antoninus Paul, Covent Garden, and indeed in some of the less es- 

and Faustina, and in the same particulars. The shafl also teemed works of the Greeks themselves. The modes of 

requires fluting, and the base might with advantage be fluting in the different orders may be gathered from the 

made to spread more. The ordinance of the temple of examples. The flutes should be deeper or shallower, as 

^ Mars Ultor, though the most masculine, is, from its good the collocation of the ordinance may reouire a greater or 

' * proportions, and the bold character of its foliage, one of less depth of shadow on the surface of tne columns. The 

'' ' the most excellent of the Roman Corinthian examples, elliptical or nearly elliptical contour seems to be the 

Most of the entablature being supplied from a not well most generally pleasing. The flutes meet in an arris on 

authenticated source, may not be original ; but that is of columns of the Doric order, and are separated from each 

no consequence, if it be beautiful. Ine corona, like that other by alternating fillets in the Ionic and Corinthian, 

member in most Roman entablatures, wants greater depth ; AnUs and Pilasters* — ^These should seldom be used, ex- 

and the cymatium perhaps less, and certainly less projec- temally at least, unless with columns, for their real use is 

tion. In this, as in the first-mentioned Roman example, to connect a columnar ordinance with the walls to which 

with modillions there are dentils. This is injudicious ; it is attached : and being, as they are, but slight prqjec- 

the member would be better plain, as in the Pantheon tions from walls for that purpose, nothing can be more 

ordinance. The architrave, which is authentic, is exceed- absurd than to ^ve them the features of columns, either 

ingly well proportioned, and the column is fine in all its by the application to them of similar capitals and bases, 

parts. These examples all vary in their intercolumnia- by diminishing, or by fluting. The use of antae was right- 

tion, from rather less than one diameter and a half to a ly understood by the Greelu, but not by the Romans ; and 

fraction more than two diameters, beyond which proper- their proper use may be seen in the works of the former, 

tions, either less or more, it would not be well to go. A The examples in London of their judicious application, 

stylobate to the order misht judiciously be adapted from most worthy of remark, are in those edifices already men- 

the Greek ; for the stilted effects produced by insulated tioned as exhibiting good specimens of the Greek orders, 

pedestids, and eren by contmuous vertical stylobates, are in the Bank of England, and in the portico only of Uni- 

mjurious to the general appearance of a columnar compo- Tersity College. The adaptation in these of other than 

sition ; and the Uiin steps m common use detract exceed- the bold foliage and brancning cauliculi of the columnar 

ingly from its beauty under any circumstances. capitals in the Corinthian ordinances to the antse caps is 

There are many varieties of the foliated capital which particubrly worthy of notice (though they are not all of 

may be used with advantage ; one of the least elegant, eaual ment as compositions), as the Greek remains are 

however, » tliat which assumes the distinction of being without a re^lar example of Corinthian antae, and the 

called the Composite order. The example of it from the Roman practice is inelegant. 

L&. 2. arch of Titus is one of the best, if not the best ; but it PetUmenis* — ^As there is no mode by which the pitch of 

will be seen, on comparison, to be strikingly inferior to a pediment can be determined, it must be lefl to tne taste 

the Corinthian examples, or those in which the volutes of the designer to be governed or not by the examples of 

of the capital are maae subservient to the foliage, instead Greek and Roman antiquity : it may, however, be pre- 

of being distended into huge mis-shapen knobs. The en- mised of them ffenerally, that those of the former school 

tablature, too, is only an exaffgerated Corinthian. If it be are too flat, and those of the latter too steep. The pedi- 

wLshed to use foliated capitus difierently composed frpm ment of the portico last above referred to is admirably 

the ordinary, it may be well to preserve the character proportioned to the rest of the composition, but its pitch 

and proportions of the entablature the same, or nearly so. would be absurdly flat if applied to a tetrastyle portico. 

Under any circumstances, however, care should be taken The inclined sides of a pediment are covered by a cornice 

in composing an entablature, that it have sufiicient height, similar to that which forms its base, except that all blocks, 

and yet not be too heavy; that it be sufficiently divided, modillions, and dentils are omitted, even if the bed-mould 

and yet not frittered ; that the parts have sufficient itself be retained, and a cymatium superadded, 

breadth, and be not so much projected as to bury all ComMces^ Sfc* — Although a perfect entablature should 

that ia below them in shadow ; and that ornament be pro- not be applied to crown an edifice, except it be in con- 

perhr distributed, and in sufficient quantity, without over- nection with columns of some sort, or their legitimate re- 

loacung the composition with ic, as in the ordinance of the presentatives, piers, yet a single cornice, or a cornice and 

arch of Titus. frieze, is not so ; and it forms the most pleasing termina- 

If again it be wished, under any circumstances (though tion to an elevation in which columns are not used. The 

PUi« VII. the practice cannot be recommended), to use human proportion of one or the other mar be best found by set* 

Fig. 4, a, figurea as columns, there appears to b* no reason why ting out a columnar ordinance of*^ the style preferred a. 

^ ^ the entablature should be executed with ut a frieze, as it the height of the elevation ; and the size of the cornice oi 

ia in the example of the Pandroseum ; and if a frieze be cornice and frieze thus given will aptly become it. The 

inserted, it should be by lessening the other parts, and Vignolan or block cornice, in whicn the frieze is occu- 

not by increasing tne whole, as tluit entablature (taking pied by cut blocks, is exceedingly effective : it is tliis 

it as a model) is quite deep enough in proportion to the which Sir Christopher Wren has employed in the upper PI. XVII. 

height of the ordinance. entidilature of St Paul's, and Vignola himself in the front Vig* <• 
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Compost, of tlie Villa Giiilia. With these cornices rustic quoins the later works of the Italian school, and called Venetian, Compoii- 

tion. consort very pleasingly, and so they do indeed with all is radically inelegant; and there is such a one in the ^io '*- 

'^-^''^>^'^^^' single cornices which are of a bold cnaracter, and all such east end or the structure last mentioned. Blank windows 

•hould be so. should be recurred to as seldom as possible ; and when 

Pi. XIII. Arcades, Sfc, — The most graceful average proportion they cannot be avoided, they should have sash-frames and 

for these is, that the opening be twice the width of the sashes as if they were real windows, otherwise they give a 

pier, and twice its own width in height to the crown of maimed effect to an elevation. 

the arch. The practice of the Italian school in the com- Ni^eiu — There are very few cases in which these ^ 

position of arcaded ordinances may be generally followed not act inluriously on a composition, from the difficulty of 

with advantage, except in mingling and confusing them makine Uiem cohere with the other parts : the usual 

with columnar. The pier is based by a deep square plinth, mode m Italian practice is to give them the effect of win« 

and surmounted by a square or moulded cap or impost, dows, which cannot be approved of. Internally they may 

the upper surface of which is the base line of the arch, be used with much better effect than on exteriors. If a 

In rusticated work the radiating stones of the arch show niche is intended to receive a statue, it should have a cir- 

their joints, and are cat to a uniform appearance with cular head ; if a vase, it will perhaps be better straight : 

the ordinary surface of the wall. In other cases there is the plan of a niche is semicircular, 

a moulded archivolt, whose width varies from an eighth to Parapets, — ^The pierced parapet or balustrade b not in- 

a tenth of the opening of the arch. A dropping keystone elegant when the forms of which it is composed are sim- 

is generally used ; but this very much injures the simpli- pie and chaste, as piers ; but the close contmuous parapet 

city, and consequently the beauty of the arch, and should is generally preferable, because of its greater simplicity, 

be avoided. and its accordance with the principles developed in the 

Doors and Windows, Sfc^ — ^The most approved proper- most classic works of architecture. The parapet of a pro- 

tion for these apertures, also, is twice their width in neight. jected balcony, to give an appearance of ligntness, may 

Id an elevation which comprises several tiers or stories, it perhaps be better pierced ; but if a stereol&te continue 

b customary to make those of the lowest or ground story straight through a window without projection, it should 

rather less than that proportion in height ; those of the remain close and uncut, unless there exist some special 

first or principal story rattier more ; those of the second reason for wishing to make the window appear so much 

somewhat less again ; and those of the third (if there be higher. 

so many) square or even lower. If, however, the eleva- Balconies^ — ^These, whether continuous or broken to 
tion consist of but two, the ground story should be the every window, act for the most part injuriously in a corn- 
principal, and its windows of the most importance (if position. In the former case they cannot be kept sufficient- 
any difference be made between them at all), those of the Iv under not to appear of too much importance ; and in 
upper story being then less than the stated proportion in ttie latter they have the effect of a broken cornice or en- 
height. The m<Mies of ornamenting doors and windows tablature. In both cases, when a balcony is above the eye, 
are so various, and they depend so much on the coherent it destroys the proportion of the windows opening on it, 
parts of the composition, that it is impossible here to eo by intercepting more or less of their height, 
mto their varieties, or to give particular instructions tor Proportion and Arrangement of Rooms, — ^Whatever the 
their adaptation. The practice of the Italian school may length of a room may be, it will not be disagreeably pro- 
in this case also be generally followed, avoiding those portioned if its heignt and breadth are the same ; and if 
things in it which are injurious, and referring to the Greek the length may be limited, once and a half the breadth is 
for me details of mouldings and ornament. The applica- the most pleasing. Galleries, of course, will be much 
tion of a colunmar ordinance to every door or wmdow, longer than that proportion ; and corridors wiU necessarily 
giving it the effect of a little edifice in relief, exemplified be narrower than they are high. Entrance-halls should 
by the windows of the principal story of the Famese Pa- be cubical, regularly polygonal, or circuhur. Access should 
lace, must be censured as injudicious ; and so must pedi- be given to a room by the end ; it should be lighted on 
ments of all kinds, but particularly those formed with cir- one side, and the fire-place may be at the other end, or 
cular lines, or lines twisted in an v way, or, though right on the other side : if the former, there should be two 
lined, not meeting in a point at the apex. In basements doors, or one and the appearance of another, that«the fire* 
or ground stories windows or doors may be lined with place may not be immediately opposite to a door. Many 
rustic courses with good effect, though the face of the things, however, from locality «ia otherwise, frequentlv 
wall be not rusticated; and if it be so, no other lining is occur to midce it practically impossible to attend to such 
thought necessary. The windows of a principal story may suggestions as these. In halls and saloons not command- 
be lined with an architrave, either quite straight or re- ing a pleasing view, the windows may be advantageously 
turning in knees at tlie head, and resting on a continuous placea above the usual level, for agreeable effect, for light, 
blocking course below. This architrave may be surmount* and for ventilation. In rooms lighted from above, as the 
ed by an enriched frieze and cornice, the former bounded Pantheon in Rome is, a columnar ordinance may be judi- 
at the ends, and the latter upborne by trusses or consoles, ciously applied ; but otherwise columns and their acces- 
which may rest on or be afnxed to a species of pilaster, sories can seldom be well dinwsed internally, 
outside the architrave, and parallel to it ; if detached sills Chimneys* — ^If a chimnejr be in the end of a room, it 
are preferred, a shorter and bolder truss may be judicious- should be similarly proportioned, the height and breadth 
ly applied below the sill, under the foot of each pilaster, of its opening corresponding with the height and breadth 
to complete the composition : the architrave is generally of the room ; if it be on a side, it should be somewhat 
a sixth or a seventh of the opening in width, and the con* wider than it is high; if the room be longer than the 
sole and its pilaster about a ninth or tenth. Upon no ac- sesquialteral proportion, it should have two fire-places, 
count should rustics be run through the architrave lining either at the two ends or equidistant from the centre of 
tjH^ a window, as on the flanks of St Martin's Church in one of the two sides. The cninmey-piece should be bold 
London. A series of circular-headed windows conjoined, and massive, not frittered into small parts and much mould- 
as in the earlier works of the Venetian school, is produc- ed ; it may, however, have its vertical &ces enriched with 
live of a pleasing effect ; but the large circular-headed, great advantage. 
witJi two conjoined smaller rectangular windows, found in Ceilings^ — \)^e ceiling of a room should be nearlir plaint 
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Composi. but it may rest on a bold and enriched cornice, not com- Greek ; but m composing or adapting, it is necessary to CompoBi- 

^^^^^n. posed like an external cornice, as it is differently lighted, avoid alike the tendency to too great luxuriance in the J^^- 

'^^^^'^^ but with deep covings instead of broad flat surfaces. Such one, and to {wverty in the other. The remains of Her- ^ 

cornices are hiehly susceptible of ornament, and they may culaneum and Pompeii liave furnished us with a great 

have additional effect given to them by means of colour, deal of ornament that is new and beautiful ; and much 

In large rooms the area of the ceiling may be pleasingly that is excellent may be found on the earlier architectural 

contracted, and so made to appear lighter, by coving the and sculptural ^monuments of Italy of the middle ages, 

angles altogether, and thus bringing the cornice on which It should nevertheless be always borne in mind that the 

it rests lower down on the walls. JThis mode of arrange- object in architectural enrichment is not to show tlie or- 

ment is used, too, in the small rooms of a lofty story, to nament, but to enrich the surface, by producmg an effec- 

take ofFfroni their too great height. The horizontal sur- tive and pleasing variety of light and shade ; but still, al- 

face of a ceiling may be treated like a large panel, with though the ornament should be a secondary consideration, 

broad borders and slight sinkings ; or, if it be very large it will develope itself, and should therefore be of elegant 

and lofly, coffering or panelling all over, with moulded form and composition, as well as the means of producing 

or painted ornaments, will produce an agreeable effect, a good effect on the surfaces to which it is applied. 

Domed ceilings should be coffered, especially when they ^^ ,r t» . . ^ 

are lighted from above ; but if the light be from below. Of Vertical or Pointed Composition. 

as in St Paul's and St Peter's Cathedrals, ribbing is far The towers of Westminster Abbey are an excellent 

better. Heavy cumbrous masses of foliage in a ceiling practical illustration of the essential difference which 

should be avoided; frets, guiloches, and arabesque oma- exists between the horizontal and vertical styles of archi- 

ments, are the best suited enrichments for a ceiling on tectural composition. In general form they belong to 

which ornament is necessary. the Pointed style, and in so far cohere with the structure 

Stairs^ — ^In a structure whose principal apartments are generally ; but the running lines of the buttresses, if their 
on the ground floor, the staircase is a secondary considera- quoin piers may be so called, are constantly intercepted by 
tion, and should be secluded ; but where they are above transverse cornices ; and all the details are strangely in dis- 
tlie level of the entrance door, it becomes an important cordance vnth the character derived from the pointed arch, 
part of the interior, and should be of immediate and easy Buttresses in a Pointed composition must not be con- 
access. The rise of a step should not be more than six sidered simply as abutments to the arches and aids to the 
inches, and the tread not less than twelve. In a square walls of a structure, any more than a cornice in horizon- 
staircase winders should not be used ; and in no case tal composition may be thought only necessary to cover 
should there be more than ten or twelve flyers without a or protect the wall on which it rests. That these were 
quarter or half space, both to prevent fatigue in ascending, the uses for which they were severally applied originally, 
and to avoid even the appearance of danger in the de- cannot be doubted ; but although such may be their pur- 
scent. Winding staircases are less convenient and less poses, we must now consider them as aios to architec- 
pleasing in effect than those which are square and with- tural effect Buttresses, then, are of the same use in 
out winders. Much room may be saved, however, where the vertical style that cornices are in the horizontal— 
it is of consequence, by using the former. Handrails to give character to an elevation, by throwing a mass of 
should follow the character of the staircases to which shadow, to relieve it of the monotony necessarily attend- 
they are attached ; but a somewhat square form, with the ant on a flat surface, however it may be pierced or en- 
sides or edges moulded, should be given to them under riched. The sides of the buttresses should be either 
all circumstances, because of its simplicity, as well as the quite perpendicular the whole height they have to run. 
greater degree of firmness or solidity which the whole or be slightly diminished, if the wall behind them dimi- 
composition derives from it, both in effect and in appear- nishes, in lengths and not by inclined lines. Their faces 
ance, than can be acquired for it otherwise. The hand- also must run up vertically to the sets-off, and these should 
rail and balusters of an in-door staircase are indeed but the be in the same inclined hne, and that line pointing to the 
parapet of an external flight of steps, or of a terrace, exe* apex of their pinnacles, when pinnacles surmount them, 
cuted with more lightness and a greater degree of deli- Indeed it cannot be too strongly enforced that there should 
cacy because of their location. The balustrading, also, be a constant tendency in the outlines of compositions in 
should therefore be characterized by boldness and sim- this style to meet, although the surfaces be themselves so 
plicity, though it is indeed a difficult thing to compose generally perpendicular ; and the more acute the angle 
with propriety, because of its inclination, and the want of under which they incline, the more graceful and becoming 
parallelism between the graduating base formed by tlie the style the result will be. The commanding lines of every 
ends of the steps and the hanging level of the coping or part of a composition should lead through from its sumnut 
handrail. The first step of a staircase has a voluted or to the base. 'Thus, a spire or pinnacle should rest on a tower 
curtail end Tor ends if it be insulated, as in a staircase or turret whose angles are not interrupted, but never on 
with a double returning flight) supporting a column or a merely flat wall, however it may be faced with but- 
newel, on which the voluted or scrolled end of the hand- tresses to give an apparent projection. Neither should 
rail rests. The steps of a staircase are wrought with low porches be projected from the face of a structure, for 
moulded nosings, which are returned at the exposed ends ; such can only have the effect of excrescences, and tend to 
the under surface is either cut straight and parallel to the injure a composition ; nor should external doors be made 
inclination of the flight, or mc^ulded to form a sightly ob- but in places where the harmony of the composition b 
ject when seen from below. not injured by them as irregular apertures. Internally, 

Mouldings and Ornament — ^The Greek examples offer square forms are seldom used ; but piers consist of clustered 
the most beautiful forms for mouldings, and the Grecian cylindrical shafbs, and thin shafts of the same form, lofty, 
mode of enriching them is unsurpassed for beauty and effi- and uninterrupted by crossing lines, act as pilasters. On 
ciency. By adhering to them, and observing the manner these, capped with deeply inflected congeries of mould- 
in which they are produced and combined, it will not be ings or foliage for the former, and lighter ones made con« 
difficult to produce and combine mouldings in sufficient tinuous and breaking round them for the latter, rest the 
variety for every purpose. arches and arched ceilings. Flat surfaces are susceptible 

For ornament the Roman examples may vie with the of high enrichment by means of tracery and panelling ; 
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Compoti- mouldings are enriched, not by carving or^ them, but by 
tion. rounding out foliage and other ornament in covings and 
other deep inflections. Corbels should not be substituted 
for shafts to support arches when it can be avoided ; but 
they have a pleasing effect as supports to the dripstone or 
canopy of a door or window ; and indeed there are many 
other situations in which they are almost necessary, but 
they should always be considered as succedaneous, and not 
as necessary to a composition. 

To avoid glaring inconsistencies in composing, it will be 
well to adhere generally to the style of some particular period, 
and to employ the proportions and enrichments, as well as 
the forms, peculiar to it ; but, nevertheless, a more ornate 
may superimpose a plainer part, so that the difference be 
not violent. Windows of the second period may be placed 
over an arched composition of the first, and appear natu- 
rally to result from it ; but the transition would be so great 
from the first to the third, as to make the result inharmo- 
nious. It need not, however, be denied, to those who feel 
themselves competent to use the materials with good taste 
and propriety, to select matter firom examples of the various 
periods, and make compositions not exactly in the style of 
any of them. With a clear perception of the principles of 
the style generally, which we have endeavoured to point 
out, and a practical acquaintance with the classic exemplars 
of it, such may certainly be produced ; and they may as 
certainly be adapted to all the purposes to which, any style 
of architecture can be applied. 

Rules for practice might be made to infinity, but they are 
unnecessary in this case, there being no authorized modem 
practice, like that of the Italian school in horizontal compo- 
sition, to counteract. It is but to use the forms, propor- 
tions, decorations, and enrichments, and follow the mode of 
combination, which appear in the examples: these, with 
constant reference to the principles we have attempted to 
develope, will be the surest and safest guides in composing 
and arranging any subject. They are, too, so rife with ma- 
terials for general purposes, that few cases can occur in 
which there need be any difficulty in finding parallels. But- 
tresses, piers, shafls, arches, pediments, parapets, turrets, 
pinnacles, windows, doors, niches, ceilings, tablets, with 
mouldings and ornaments in great profusion, — ^indeed 
almost everything that can be required in practice, — appear 
in existing works of the pointed style ; preventing the ne- 
cessity of determining from the mode of procedure in one 
case how we should act in another, as the comparative 
paucity of materials in the Greek and Roman remains ren- 
dered it necessary to do in developing the horizontal style. 

A true architect said, with equal truth and point, in 
commencing a lecture on architecture, which he published 
in 1841, and entitled The True Principles of Pointed or 
Christian Architecture, — though the doctrine is alike true 
in respect of every style of architecture, — *' The two great 
rules for design are these : I st, That there should be nofea" 
tures about a building which are not necessary for conveni' 
enee, construction, or propriety ; 2d, ThcU aU ornament 
should consist of enrichment of the essential construction of 
the building* The neglect of these two rules is the cause 
of all the bad architecture of the present time. Architec- 
tural features are continually tacked on buildings with which 
they have no connection, merely for the sake of what is 
termed effect ; and ornaments are aetualfy constructed^ in- 
stead of forming the decoration of construction, to which, 
in good taste, they should be always subservient. 

The object in architectural enrichment is not to show 
the ornament but to enrich the surfiice. It is in propriety 
or fitness that the condition of delight which Sir Henry 
Wotton claims as one of the three conditions of building 
well, that architecture consists, and not in mconsistent 
devices. « 



The readiness of the world to accept the shadow, out* Compoei- 
ward presentment, or even mere colour, for the substance ^^^°* 
in architecture, of which the true embodiment is construe- "" 
tion, has made it the aim and pretence of the student in 
architecture to be an artist rather than a constructor, instead 
of grafting the artist u|x>n the constnictor. In the practice 
of the law the graces of oratory are taken to be of value 
only when supported by the sound learning of the lawyer ; 
and in the practice of architecture the taste of the artist 
ought to be held merely ancillary to truthful disposition for 
structure and service. 

But the soundest constructor is the most apt in the 
production, or the reproduction it may be, of real art. If 
Welby Pugin had been the mere artist-draughtsman his 
father was, which alone he might have been but for the 
superadded skill of the carpenter, and thereby of the con- 
structor, he would not have arrived at the truth in respect 
of building well, nor have built so well and with such ex- 
cellent effect as, in his brief lifetime, he did. The mecha- 
nician Smeaton, who was not a mere artist-architect, was 
employed to build the £ddy8tone lighthouse, and the 
means placed at his disposal being truly directed to the 
end aimed at, the result obtained presents a compendium of 
commodity, firmness, and delight. The Eddystone light- 
house is well adapted to its uses — ^that is to say, it is com- 
modious, it is firm and stable almost to a miracle, and its 
form b as beautiful in outline to the delight of the eye, 
ias it is well adapted to break and thereby to mitigate die 
force of the sea in defence of its own structure. Smeaton 
was in that work a true architect, the artist engrafted upon 
the constructor; whereas in dropping uncombined stone 
rubble into the Thames about tne piers of old London 
Bridge to protect the bed of the river, and thereby the 
foundations of the bridge, from the scour of the already 
pent-up stream ; and in building Hexham Bridge after the 
manner of old London Bridge, as to the effect of the piers 
upon the stream, and after the manner of Westminster 
Bridge as to the character of its foundations, Smeaton might 
have been taken for nothing more than a mere artist-archi- 
tect. In like manner the botanist and landscape gardener, 
Paxton, having learnt to help himself in the contrivance and 
construction of works of architecture of a kind adapted to the 
purposes of his art, had become qualified to suggest the em- 
ployment of a material unthought of by professional archi- 
tects — ^though as ready to their hands as to his, and often 
misused by them — ^as the main constituent of a structure, 
and to devise a plan by which the material employed might 
be applied alike with constructive propriety, with marvellous 
rapidity, and so, moreover, as to produce a magical effect, 
in a Conservatory designed to fulfil, and amply fulfilling, a 
noble object, which must probably have fail^ for the time, 
or have been carried out in an ignoble manner, if the hor- 
ticulturist-architect, Paxton, had not already himself learnt 
to be a constructor. The Great Exhibition building in 
Hyde Park, originated by Sir Joseph Paxton, possessed in 
an eminent degree the qualities arising from tiie conditions 
of commodity, firmness, and delight ; it was most commo- 
dious for the purposes of an exhibition ; it was firm enough 
for the temporary service required of it ; and there was 
delight in its luminousness and in the simplicity and truth 
of its combinations ; and all this may be said to have grown 
out of propriety of construction as applied in and to the 
material, cast iron. 

Cast iron in its proper character, and in the forms which 
the duty to be imposed requires it to assume, would not be 
more inappropriate as the material of a superstructure upon 
piles of timber, than a tower of masonry is ; and an open 
structure, well composed of cast iron to form trestle-like frame- 
work,, would, in the case of the Brighton Jetty, have left the 
bridged way wholly unobstructed and convenient for use. 



ARCHITECTURE. 75 

Practice of ^ a of design. These oomprtse the artisttcal and constructive Pntctioo of 
Architec- Fractioe OP Architectuhb. adaptation and adjustment of the materials in the fonns and Architec- 
ture. ^ The practice of architecture in whatever form, and under combinations in and by which they are to be placed and *""• 
whatever alternative designation it presents itselt^— whether held together to fulfil the ends of the design — ^the degree ^ 
as civil architecture in works upon and above ground to be of finish that shall be given to a work, and the means by 
covered fi^m the weather, or as civil engineering in works which it is to be brought about, as well as the modes of com- 
upon and in the ground and exposed to the weather — con- bining the parts and protecting them firom injury from what- 
sists in originating, designing, composing, and arran^ng in ever source, whether fixim influence within the substance of 
detail, speafying, estimating, directing, and supervising the the materials to be employed, fi^m those which may be 
formation, construction, and fitting for use of works, and par- brought to bear upon them in the use of the finished work, 
ticularly works of the nature of buildings for the use and or fi^m external influences in and through the atmosphere, 
convenience of man, and mainly of social man in civilized The composed and arranged design is exhibited in clearly 
communion. expressed and accurately executed drawings made to scale — 
Originating involves the devising a practicable scheme for the scale being in ordinary English practice some aliquot part 
effecting any desired object in the manner the best adapted t!> of a foot, or of an inch as an understood itivision of a foot — 
tlie end. — A canal, a road, or a railway, is required between and the drawings being plans, sections, and elevations in ge- 
any two places. By the aid of hydrographiod maps and by neral and in detail, nude, by colouring, or by hatching, and 
personal exploration of the country, the most fitting line the by written descriptions, to express the main component 
country afibrds may be struck out and hid down ; and by in- materials severally and distinctly. 

vestigation of the levels, examination of the soil, computation Specifying is a describing in writing everything required 
of the available quantity of water at the summit in the case to be used and applied, and the modes of using ana applying 
of a canal, and inquiry into the cost of labour, and of the va- all the matters proposed to be mcorporated in the work, to 
rious materials necessary for the work contemplated at the give efiect to the design, the specification having reference 
»iace where they are to be applied — the cost of land and the to the drawings, of which it is, indeed, afiirther expression in 
contingencies connected witii its tenure and occupation — ^the words ; with the addition of a description of the kinds and 
line struck out as naturally the most fit, is modified to the qualities of the materials to be employed, the modes of ope- 
most economical in execution, consistently with efficiency rating upon them, the sequence of the operations, the time 
and economy in its use. — ^A town, or a new Quarter of a town, to be expended upon them, or within which they are required 
a new street or a single house or other builcung, is required ; to be effected (for time has always an important influence 
the town, or part of town, the street, the house, warehouse, upon the cost of a work), and the result to be produced ; 
or workshop, is to be considered first with reference to the and this must be done in such manner as to render misap- 
esaentJshjComnu>dityyJirmnesSf and delight; — and it will be prehension or misunderstanding as nearly- impossible as 
convenient and salubrious, or unfit and probably the seat of knowledge and perspicuity can make them, 
disease — it will be cheerful and agreeable, or dull and cheer- By estimating is understood the computing the quantities of 
less — and, although the commercial estimation may depend materials of their various kinds required to be used or applied 
on circumstances beyond the control and not wholly within in the execution of a work ; the power, whether it be that de- 
the modifying power of architecture, even wealth or poverty rived from inorganic matter through the aid of machinery, 
may result from the propriety or impropriety with which the or from the labour of beasts of draught and burden, or of 
work has been originated. men, and the labour of skilled workmen as artizans neces- 
Designing includes the bringing together and combining sary in procuring the materials, and in preparing, shaping, 
in the most efficient manner permitted by the circumstances and applying them to effect their combination in the man- 
of the case for convenience in use, all the parts of which a ner and to Uie end proposed ; and, furthermore, the cost of 
work may consist, shaping the parts within themselves to the such materials and labour, together with all the charges and 
duties they are respectively to perform, or to the uses they expenses proper and incidental to the execution of the woric 
are to fulfil ; adapting the work to the materials which ne- according to the drawings and specification, 
cessity, prudential economy, or luxury may dictate ; giving. Directing and supervising tlie execution of a work imply 
indeed, a congruous body to the originated idea. The ori- the instructional explanations the workmen may reouire 
gination of a bridge has determined its position, thfe manner while the works are in preparation and progress, ana the 
in whidi it shall ue across the river or whatever else it is to overlooking them to see that tliey do properly what the draw- 
be built over — ^the manner in which it is to be approached — ings and specificaticn require to be done. In the case of a 
the waterway, in the case of a river, that may be occupied by contract for the execution of a work, the effective directions 
its substructions, or rather the waterway that the bridge must must be supposed indeed to appear in the drawings and speci- 
leave unobstructed-— the headway that must be preserved fication, and so that supervision shall be only necessary to 
under it, whether for navigation or for flood water, and with secure adherence to sucti directions, 
reference to the country above it or to its own security — the 

level or other inclination of the roadway, and the materials " In architecture, as in all other operative arts, the end is 
of which the bridge shall be composed, together with the to build well." But, with whatever limitation in his own 
general outline of its form, determining thereby the class of mind Sir Henry Wotton may have made that declaration, 
composition to be adopted. The design gives form and consis- the conditions of well building declared bv himself, give a 
tence to the outline — ^it arranges the spans, bays, or openings much wider meaning to it than the words are ordinarily 
— proportions the solids to the voids — determines, upon close taken to convey. Architecture in its broad and catholic 
and minute investigation of the site, the depUi, mass, and sense admits of no limitation — it is subterrene as well as 
composition of the foundations, and how they shall be exe- superterrene, formative as well as structural, and includes the 
cuted — settles the form and rise of the arches, and prescribes general disposition of asite as well as the particular arrange- 
the requisite appliances in erecting, them, as centering and ment of the parts into which it may be aivided. It is thus 
scalfolaing— shows the mode of composing and constructing i^plicable to towns, or aggi-egations of buildings^ as such, as 
the roadway, and provides all the requisite accessories in com- well as to the individual buildings which go to make up the 
pleting the work for use. town, and ought to be applied in such manner that the gene- 
Composing and arranging in detail are further preliminary rat result, in building a town, shall be in accordance with the 
oonstderations, and fall strictly, perhaps, within the province conditions, and that they shall be fulfilled in tlie aggregate 
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Praetiee of as completely us they are reqiured to be fulfilled in each par- 
Arehiteo- ticular building which may go to compose it 

tun. Iq the choice or selection of a site for a town, intrinsic cir- 

^"""^V^^ cumstances, — some peculiar advantaees in a commercial, or 
a merely pleasurable, or it may be indeed a military point oC 
view,— commonly determine the general question, and impose 
upon the architect to fit it in all particulars for Uie contem- 
plated purpose. Whether the site have the advantage of rail- 
way communication, or not, easy access by carriage-roads 
must be provided ; which roads must be laid out, and set out 
with such inclinations proper for use as are attainable ; bridges 
and culverts must be built to carry the roads over streams 
and gullies, and they must be cut, formed, drained, bottomed 
and metaUed, or otherwise paved; quays to the river or the 
harbour must be arranged and formed, or embanked and con- 
stTuctedy^-encroaching upon the tideway, or widening the 
waterway as the case may require ; or, in the absence of 
Choice of natural facilities for navigation, it is a question for considera- 
ft site for tion whether artificial navigation can be obtained, and how 
ft town. gQd in y^hgii manner the arrangement of the site may be mo- 
dified to render it available, or whether a railway may not 
be preferable to any other mode of giving commercial access 
to the town ; the site of the town must oe dndned, both as 
regards water in the ground, and surfiice water,and the soilage 
must be taken off in a fluid state ; water must be led to, or 
be raised by artifice within the site of a town, and acciunu- 
lated in reservoirs at such levels that it may pass freely 
from them to all the parts of the town, and to the highest con- 
templated building in it. In the distribution of the parts of 
a town, not only are the requirements of the community as 
such to be considered, but the particular requirements of 
every class of a community ought to be provided for. There 
should be public markets and bazaars, ana there should be also 
provision made for shops and warehouses, from which those 
who may choose to take their supplies may obtain them 
without recourse to the public markets. There may be within 
every town exclusive gardens, as in squares for the use of 
those who, dwelling around, may undertake to maintain them 
for their own use ; but there should be certainly places as gar- 
dens, maintained at the public expense, open to general use 
for the resort and recreation of men, women, and children, 
of whatever class, as well as parks or pleasure grounds in the 
environs for general pedestrian, equestrian, and carriage ex- 
ercise and open-W" enjoyment. Streets, squares, and pub- 
lic places, should be disposed upon the site with r^ard to 
light, aspect, and ventilation ; and sites for all requisite public 
buildings, sites for the requisite varieties of private dwellings ; 
and places for storing, manufacturing, and commercial buud- 
ings and establishments, according to their kinds and require- 
ments, are to be provided and arranged, and so provided and 
arranged as to produce the greatest possible general conve- 
nience, as well as to be capable of produdne private benefit. 
Towaids effecting these objects everything fikely to be offen- 
sive should be placed to leeward, having; regard to the pre- 
vailing winds. The relative levels of the lowest floor of build- 
ings in every case to the drainage level should be settied, and 
provision niade for the ventilation by legitimate means, of 
the drains of every building, so that it be not left to chance, 
or to the ignorance or caprice of individuals in building in 
detail, whether the town may be pleasant and wholesome, or 
be the seat of discomfort and disease. 

There are certain essentials to every building which it is 
within the province of architecture to provide, and within the 
duty of the architect tosecure. There must be convenient and 
easy access to the building itself; protection from water from 
whatever source and in whatever form water can present it- 
self, — from the earth or from die skies, — by the foundation or 
by the roofs, — as water supplied for use, and as foul water or 
water the vehicle of the foulest matters ;— «ir is to be supplied 
to the interior by legitimate channels fit)m the best accessible 
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source, and the ejection of vitiated air provided for and se- Practice of 
cured, and so that there be ventilation without injurious Architec- 
draughts ; and light is to be admitted and difiused, sothat 
every part of an interior may be appropriately and suffi- 
ciently lighted, and lighted from the general source directiy, 
or witii as litUe recourse as possible to borrowed and artifi- 
cially created light ; equal temperature throughout the vary- 
ing seasons is to be maintainea by making provision to check 
excess of heat at one season, and by the promotion and dif- 
fusion of heat to warm at another. Next to the general essen- 
tials — ^which are as much so to a penitentiary or to an hospi- 
tal as to a palace — are the particular arrangement and distri- 
bution of buildinffs according to their respective uses, with 
reference to the demand which the use may make or impose. 
But the uses of buildings are so various, and the requirements 
of each particular use so difierent fi^m those of every other 
in all the classes of buildings, while every individual build- 
ing of a class may be forced into peculiarities of disposition, 
dictated by nte and other circumstances, that no general 
rules can be laid down fbr the design of buildings in classes, 
or severally, without running too much into detail for the 
pages of an encydopaedia. These are, or they ought to 
be, the special study of the arohitect, the merit and value 
of whose services consist mainly, indeed, in giving ^)ecial 
effect to the general requirements in a congruous manner, 
and at the smallest cost consistent with effidency. 

It will be necessary, however, to add in this place some 
observations upon matters which, though general m their na- 
ture, are of particular interest to every community. Whe- 
ther it be in lajring out a new township, or in adding to a 
town, provbion should be made for securing that it be done 
in such manner as may best tend to secure to it commodity, 
firmness, and delight, or, in other words, the health, comfort, 
and safety of the future inhabitants. And first, as to the car- 
riage roads leading into and out of a town. No such road 
should be permitted to have a greater inclination in any part 
than one in thirty, such being the maximum at which ordi- 
nary four-wheeled carriages will renuunat rest upon a well- 
maae road sur&ce. The width of the carriage roadway, 
dear of any side drains, should be such as to permit three 
carriages abreast, taking one to be standing on one side or 
the other, and two in motion, meeting or passing. Eight feet 
should be allowed to the carria^ at rest, and ten feet to each 
of the carriages in motion, mwng twenty-eight feet as the 
minimum width between the water channels, or at the least 
thirty feet clear between the footways ; for there ought to 
be to every such road a footway on each side, and ^ich of 
suffident width for four persons, two and two meeting, to pass 
abreast ; and this requires eight feet at the least, so that 
there should be in the whole uttie short of fifty feet of pub- 
lic way wholly devoted to the public in what may be termed 
the country roads about a town where there are no houses, 
or but few, before which carts or carriages of any kind can 
be required to stand. 

In laying out a town, there need be no mere lounging 
places provided, such as the paved area of Trafalgar Square 
m London, or as the Place so common in the towns and dties 
of the Continent. Markets should be provided for in shel- 
tered and inclosed buildings, and not be held in a jUace ; 
and a more than equivalent for the plcice ox even tlic 
village green ought to be provided for outdoor recreation, 
and, it may be, rest ; but wnoUy irrespective of business. To 
this effect plots of ffom five to ten acres each, making in all 
not less than one-tenth of the whole area, should he re- 
served in laying out a town, or in adding to a town ; such 
plots being so disposed as not be more than a short half-mile 
apart, or so that there shall be one such plot within less than a 
qiuurterof amile (asufficienUy long walk at once for a child, 
or for a woman or a girl carrying a baby) of every domidle \ 
and every such plot inclosetl, but accessible <hi every side, 
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Practice of and laid out in the best manner to make it a pleasant re- 
Architec- sort at all times for men and women seeking rest or health- 
ful recreation, and as a play-ground for oiildren. With 
such a provision in a town, idle men and boys may be rea- 
sonably required by the police to ** move on ;" and with 
almost equal advantage to children and to the community 
at large, the trundling of hoops in the streets may be pro- 
hibited ; whilst river or sea-side quays for business, or ter- 
races for pleasure, need not be the permitted haunts of 
thieves and beggars. Out of a ten-acre plot (the size of the 
whole area of Russell Square in London, — and about that of 
Lincoln's Inn Fields, up to the indosures before the houses), 
one acre disposed in four distinct Quarters of an acre may be 
assigned to tne four essential requisites of every hundred-acre 
area in a town — a church, a scnool, a library with reading- 
rooms, and a building to contun baths and washhouses ; one 
at each of the four comers of the Town-Garden, in its own 
quarter-acre plot, and each communicating directly with the 
garden as weU as with the streets by which, if houses or other 
buildings front towards it, the garden should be belted, with- 
out taking them out of the ten-acre area. The town-garden 
need not supersede the square and its garden, which may be 
• formed, ana the garden maintained in all its exclusiveness, 
with great public benefit, wherever the prospective demands 
of a niture population may seem to require squares in con- 
nexion with the streets, by which and by the buildings front- 
ing to them, the greater part of the whole area will certainly 
he covered. Nor need the town-garden vie with the square- 
garden in the relative extent of its plantations, or in the 
picturesque disposition of its paths. It should be laid out 
with broad walks, and hardily-turfed lawns ; it should have 
a fountiun, and trees should not be wanting; upon the 
whole, more like Hyde Park, the Green Park, and the public 
grounds of the Regent's Park, than like the too elaborately 
beautiful grounds of St James's Park. The town-garden 
should not be too delicate for cricket and quoits ; nor should 
it be supposed to render the suburban [Mu-k a superfluity : 
the town-garden for children in the day, and for work-day 
evenings ror men and women, and the park for holidays. 

The courses or directions to be given to streets must 
be greatly influenced by the circumstance of the locality, 
whether it be plain or hilly, and greatly by the climate, 
whether sunshine or shade is more to be desired. No ge- 
neral rule in this respect can be laid down ; but having re- 
ference to the high latitude in which the British Islands are 
placed, and the consequent obliquity of the sun's rays at all 
seasons, without great intensity at any season, the light and 
heat of the sun are to be sought and not to be evaded ; and 
these are more equably difiused, and the roadway exposed 
to the sun's rays more certainly, the more nearly the direc- 
tion is that of the meridian. Perhi^ however, it is of 
more importance that buildings of whatever kind in which 
hunoan beings are to live or to labour, shall be so disposed, 
that every room in every such building shall be capable of 
receiving the rays of the sun at some time in the course of 
every day that die sun shines. 

The width of a street — and by the term street is intended 
any line of oommimication, whether adapted for carriages 
or not, in and through a town having houses or other 
buildings fronting to it on both ndes-— oug^t not in any 
case to be less from front to firont of the buildings, taking 
an even course, than the height of the buildings, the dimen- 
sions of which— 4he street bemg once formed with such limit 
to its width — it ought not to be permitted at any time to ex- 
ceed, without setting the higher buildings bi|ck accordingly. 
1 o diis effect it is necessary to determine in what manner 
the height of a building is to be ascertained, the object in 
view b^g the due ventilation of the streets as a means of 
assuring a sufficient flow of air to the buildings, whereby they 
in their turn may be duly ventilated. 
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Take a minimum width for a street — say 30 feet— as a ho- Practice of 
rizontal base line transversely of the street, and at a level, say ^^^ ^^* 
one foot lower than die level assigned, in manner hereafier '^ 
described, to the floor of the lowest story of the contemplated 
buildings. Erect a perpendicular line upon each end of such 
base, and bisecting the inner angles, draw lines which — ^the 
angles bein^ right angles — ^will of course intersect the oppo- 
site perpendiculars at the height of 30 feet, the limit in height 
of any buildings standing up to such lines at the limited cus- 
tance of 30 feet apart ; the diagonals drawn out will limit the 
heights of the opposite buildings as to the roofs or any erec- 
tions upon the roofs, beyond ue perpendiculars. This rule 
is applicable in like manner to any greater width than 30 
feet ; but it will be seen that the rule imposes no limit to 
the height of any building standing in the narrowest street, if 
the front be set back at die level of the street, or be in any 
manner arranged by buildinff terrace-wise ; or in any other 
manner to the same effect of ralluig wholly under the diagonaJ 
line drawn from the opposite extremity of the base. Lofty 
chimneys, towers, and such like erections, of small extent in 
plan, should be admitted exceptions to such general rule. 

The drainage of a town must be settled, and the levels 
determined throughout the course of every street, square, 
or other place, before the levels of the road surfaces, and of 
the floors of the lowest stories of buildings, can be fixed, 
so that they may be prescribed ; but it must be obvious, 
that no street should be formed, in the technical sense of 
the term, by makins the road at such a level that it cannot 
be efficiently drained. In like manner, as regards any build- 
ing; every building should be placed at such a level that 
the floor of the intended lowest story can be efficiently 
drained, and in all respects relieved of fluid matters by 
the means provided ; and the means of efficient drainage 
should be made, and be in a condition to operate, before a 
bmldhig to be relieved is begun to be built. 

The widths of streets for the purpose last above referred 
to are to be considered as minimum widths, and irrespective 
altogether of the widths which ought to be imposed and re- 
quired in respect of the roadways and footways, as means of 
Communication and of passage in, through, and about a town. 

A minimum width of 30 feet from front to front of build- 
ings, ought to allow of no more, than a single-line carriage- 
way in uiort lengths, or with turning and passing places ; 
such single-line ways being necessary to give access for carts 
in the supply of fuel and other heavy matters, and for the 
removal of solid refuse, as cinders, ashes, bones, and other 
hani rubbish. Shops requiring frequent supplies by carts, 
and making their deliveries by carts, require greater width of 
carriage-way, and consequently greater width of street. As 
the demancb of the carriage road for width increase, so do 
those of the footway ; for shops making a show of their goods 
attract the attention of passers-by, ana thereby tend to cause 
obstruction. Houses built as private dwelling-houses, in 
streets which are leading thoroughfares, or wmch become 
such, maybe turned into shops ; and when this is done, the 
space usually retained in towns between the footway and 
the house should be, for the reason stated, given up to the 
footway. In respect of the carriage-way, however, no street 
beine, or being in a position to become, a much-used tho- 
roughfare, ought to be of less width from footway to footway 
than sufficient for four carriages abreast, reckoning one to 
be standing on each side, and three to be in motion ; for if 
only two be provided for, as in motion, the fast will be 
checked by the slow, and the whole traffic of a street be in- 
terrupted. Space for two standing carriages at 8 feet each, 
and ror three in motion at 10 feet each, make together 56 
feet as the least width that should be given to the carriage- 
way of a leading thoroughfare in any town. Any addition 
to this idiould be by 9 reet at the least, or it will add no- 
thing to the convenience of the road. The footways to sucSi 
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Site for » a s^treef, where the houses are private dwellings, may be 
town. . taken at three couples abreast, or 12 feet at the least, and 
where they are shops, at 16 feet, allowing 4 feet for loungers. 
Any bridge occurring in a town ought not to require the 
carriage-way or road to be as wide, by the two stopping 
carriages, as the roadways in the streets leading up to it 

The relief of a town from water in the ground, if there be 
any — of the water that will fall upon it in the form of rain, 
hail, or snow — of the waste and refuse of water raised or sup- 
plied for the use of the inhabitants, in whatever condition 
the refuse may present itself, must, so far as regards the mode 
of relief, depena, in the first instance, upon tlie circumstances 
of the locality. If the choice of a site for a town, or for an 
addition to a town, lay between one from which all fluids 
could be passed away by gravitation, and anotlier the gene- 
ral level of which was so low with reference to the means 
of eventual discharge that nothing could pass off in a natu- 
ral course, the inducements to prefer the latter to the former 
must be great ; but cases do nevertheless occur, and when 
tliey do occur, means must be applied to remedy the defect. 
London, in its great extent, contains many varieties, or rather 
instances of many varieties, of soil and surface ; and it seems 
desirable to show somewhat in detail to what an extent na- 
tural deficiencies have been exaggerated in that notorious 
example of folly and neglect, and so to teach by warning. 
Suffice it for the present purpose to suggest, that the main 
considerations in providing for the relief of a town from water 
in all its forms and with all its concomitants, whatever the 
means of eventual discharge may be, are, — ^first, whether there 
is water in the ground so near Uie surface as to require to be 
tapped and kept down ; secondly, whether the water falling 
from the clouds upon the sur&ces of the roads and streets, and 
carrying gravel, sand, silt, and other heavy matters, either not 
soluble in water, or incapable of being held in suspension suf- 
ficiently to be carried along by the obtainable current in a 
reasonably well-formed drain, but inoffensive, shall be passed 
into special drains formmg a separate system ; and, tliirdly, 
whether the rain-fall and other surface-water shall be passed 
into the system of drains necessary to relieve the buildings of 
the fluids which, coming through and fiiom the habitations of 
human beings, are, though foul and offensive, for the most 
part soluble in the water with which they pass away. It is in 
tiivour of the separate system, that surface-water (and water 
falling upon the roofs of buildings in towns may be to a 
great extent treated and passed away as surface-water), be- 
ing taken off at a higher level, may oflen be discharged 
by gravitation, that is to say, by natural Hill, when house 
drainage, which is commonly at a lower level, cannot be so. 
Moreover, surface-water may, without ofience, be discharged 
into rivers and other water-courses, whilst tlie fluids from 
houses, being foul, ought not to be turned into any far in- 
land waters, and certainly not into any tidal river far tirom the 
sea, if they can by any economical possibility be otherwise 
disposed of. There can indeed be no reasonable doubt, that 
if the circumstances of any case be such as to permit the 
discharge of sur&ce-water, or any considerable part of it, by 
gravitation, it ought to be so discliarged, though it may in- 
volve the necessity of a separate system of drains ; doacal 
waters being permitted to pass down to a low level, though 
it be to be lifled again by artifice, mther than allow it to 
contaminate the surface-water, and involve the necessity of 
lifting this also. But there is the further and important 
reason for keeping the two kinds of drainage-water sepa- 
rate, even if they must pass at or to the same level, and tnat 
a low one. The sur&ce-water being necessarily charged 
with heavy matters, and commonly taking up lime and ol^er 
cementiUous matters with silt and sand from the roadways, 
a concrete is deposited in slow-coursed drains, which re- 
quires to be removed by manual labour. 

Thub« when cloacal drainage and sur&ce drainage go to- 



gether, the drains must have a greater fall than the former 8it« for a 
alone requires, to hurry on the sur&ce-waters with their ^'^^^ 
heavy concomitants, and to lead both down to a greater 
depth than either would require if separate ; and this last is 
the case with London. 

Until witliin the present century, the common sewers oi 
London received surface-water alone. Cloacal matters were 
not admitted into them, but human ordure and other dejecta 
fell or was thrown into cess-pools dug deep in the ground; 
and as London in the eighteenth century hardly extended 
beyond the limits of the dry gravel bed, the fluidls were in a 
great degree absorbed, and the more solid matters were re- 
moved under the name of night-soil by hand-labour, and 
carried away in carts and applied as manure. But as the 
clay land became building land, and as the water-closet came 
into general use, tlie gravelly subsoil could not take up the 
increased quantity of fluid matter, and the clays of course re- 
fused to receive them at all ; so that it becamenecessary to pro- 
vide for the discliarge in a fluid state of the matters dejected 
all together. This is done, so far as it is done, by drains into 
the common sewers, which have tlius become cloacal vents, as 
well as conduits for waste and sur&ce water. As more capa- 
cious sewers are found necessary for this double duty, such 
have been built, and are constancy in course of building, and 
at such depth that houses may be relieved by their drains of 
waste-water, and of refuse soluble in water, while the roads 
are kept drained by the same conduits of their surface-water. 
The result of such deepening, however, is, that to a large 
extent the out&Us of the sewers are below Uie level of high 
tide in the Thames and its confluent creeks ; so that the com- 
mingled waters in the sewers are penned back to await the 
ebb, when the sand, silt, and other heavy and insoluble mat' 
ters which the sur^e-water brings from the roadways depo- 
sit, and form a concrete which no force of any backwater will 
wholly remove and carry out at the reflux ; and this it is 
which constitutes the great difliculty in relieving London, and 
in providing for the discharge of its cloacal remse — ^whether 
for use as manure, or into the river as waste — so much below 
London, seaward, that it shall not return with the tidal flood to 
or within the inhabited area. This enormous difficulty is 
now happily in course of being overcome by a system of 
intercepting sewers on both sides of the Thames, making a 
total length of seventy- two miles. On the north side tho:% 
independent arterial lines converge at the river Lea, thence 
the sewage is carried to fourteen miles below London 
Bridge ; the discharge of the south London sewage will be 
between Woolwich and Erith ; near the sea the tunnels are 
9^ feet in height internally, and 12 feet wide. 

The considerations which lead to the choice of sites for 
new towns are seldom those which have regard to the oer- 
sonol accommodation of future inhabitants. Neither plea- 
santness of position, nor salubrity of air and dryness or soil, 
will at any time prevail against commodiousness for the 
trade or manufacture whereby the community to be estab- 
lished may obtain the means of living and of becoming 
wealthy. Even facilities for defence are in modem times 
made secondary to the objects stated, with the certain con- 
viction that wealth can always provide the means of defend- 
ing itself. The province of architecture is, so to dispose 
and so to form, that tlie advantages which dictated the site 
shall be rendered available and enduring, and that any de- 
fects in site, soil, or position shall be remedied — that is to 
say, so far as artful disposition and skilful operation can 
bring relief or lead to cure. In like manner as regards the 
increment of ancient towns. Towns outgrow the sites 
upon which they were first established, and widen upon 
Foils and at levels which possess none of the advantages 
which may happen to attach themselves to the ancient site. 
Whatever were the inducements which led to the first estab- 
liahmcnt of a town on the site of the city of I^ndon— 
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Composi- whether the fiicilities which it presented for defence, or for 
^^^"' commerce, or both ; or the beauty of the situation, and of 
the country around and within view from it ; or the excel- 
lence of its soil — dry, but covering water of the finest qua- 
lity — there can be no doubt that its facilities for commerce 
have prevailed, and that they have made it the centre of a 
province rather than the heart of a metropolis. But in 
widening as a town, London has outgrown the beautifully 
environed high ground, with its deep bed of dry gravel, and 
brought within its area cold clays and low marsh lands ; so 
that it has long become a subject for the application of all 
the resources of architecture in its most extended sense, and 
with all the applications that it can bring in aid. 

Sir Christopher Wren's scheme for rebuilding the city of 
London after the great fire, included every consideration 
that in his time was recognised as essential to *' commodity, 
firmness, and delight;" and it may be believed that Sir 
Christopher's plan for re- distributing the site, with a view 
to fulfil the conditions which had been already laid down by 
Sir Henry Wotton, was not carried out, only because the 
case was one of ra-building, not of building ; the site had 
been cleared, but the rights to the ancient though ill-dis- 
posed seats or sites remained. The city was refilled with 
buildings, and many of them were by the great master in 
architecture himself; but it was not rebuilt architecturally 
— the buildings may have fulfilled, and certainly many of 
them did fulfil, the conditions of well building, so fiu* as 
they could be fulfilled in a town which had not been, as a 
whole, submitted to them ; and the city of London remains 
to this day, and will remain — ^notwithstanding the millions 
devoted at the expense of the metropolis to ^^city improve- 
ments" — a monument of bad architecture. 

An lu'gent reason prevailed against the application of the 
great architect's olan to the site of the devastated city in 
the latter part of^the seventeenth century; but there is no 
good reason whatever why the London that has grown up 
since that time around and about the city, upon the 
suburban gardens, fields, and marshes, should have been 
absolved from all wholesome rule in respect of the great 
conditions of catholical architecture. 

Reverting, however, to the city itself, it may be re- 
marked, that under a crushing despotism, commodiousness 
and delight were firmly established in the capital of France, 
when its ancient limits were to be extended, by a broad belt 
of almost park-like avenue being formed upon the site of 
tlie demolished fortifications; whilst the civic body that 
built an obstruction— which is by the same body still re- 
tained — ^upon the most crowded thoroughfare in Europe, 
wherewith to exercise their useless and now unmeaning and 
absurd power of shutting a door in the sovereign's face — 
whilst the corporation of the city of London, in the pleni-- 
tude of their freedom, when they demolished their city 
walls and filled up the moat with the rubbish, covered the 
new site so obtained,— not with broad avenues for commo- 
diousness and delight, — ^but witli lanes, courts, and alleys — 
unless, indeed, Houndsditch is to be called a street. Smith- 
field might have been a park, or at least a garden con- 
nected with Tower-Hill by an equivalent for the Boule- 
vards of Paris, at no cost but that of a little self-restraint on 
the part of the corporation. Fleet-Ditch might have been 
converted into a dock with broad quays locking into the river 
at the south, as the Grosvenor Canal further west now does, 
and capable of being extended inland, as necessity might 
dictate or convenience require, and so as to deliver fiiel and 
other heavy goods east and west, to the protection of the 
heart of the town from the heavier traffic north and south. 



to the present time and for ever. Elevated viaducts thrown Composi- 
over the valley of the Fleet would have connected- the ^^^°' 
main lines of street running east and west ; so that the 
means of personal commimication would have been unin- 
terrupted by, and have left uninterrupted, the trade of the 
lower parts of the sides of tlie valley and the commerce 
upon the quays of the dock. 

It may seem useless to speculate in this place upon what 
might have been done in and for London a century and a 
half or two centuries ago ; but there are many old towns and 
cities which hardly yet extend beyond their ancient boun- 
daries, but which are likely to be subjected to the same 
process of extension, and are susceptible of improvement 
in like manner as they become extended. It is, indeed, to 
the extension of towns and cities by the bringing within 
the inhabited area of lands not heretofore built upon, and 
to the formation of new townships, that such observations 
are more immediately applicable. It may be said with no 
exaggeration, that the city of London has been twice re- 
built since the great fire, and with no improvement in its 
condition as it regards commodiousness, that has net been 
more than counterbalanced by the being hedged in on 
almost all sides by suburbs in which all the ends of archi- 
tecture are coarsely and vilely set at nought; and now 
large portions of the city are in a course of demolition to 
provide routes and stations for railways within the heart of 
the city, to the great distress of thousands of the humbler 
ranks, whose houses are removed to make way for the in- 
truders ; but this grievance will be more than compensated 
if the railways furnish the means of procuring more com- 
modious dwellings in more salubrious quarters, and at the 
same time supply an easy, quick, and cheap conveyance 
firom their rural dwellings to their place of business. 

Within the hist quarter of a century architecture has pro- Arehitec- 
ceeded by wide strides throughout the world, particuUurly tare.— Pro- 
in London. The great increase of population and theS*^^^*^" 
extent of business hiM created a demand for new buildings ^°^^°- 
to an almost fabulous extent. The railway system has 
worked in a very different way to what was expected, and 
instead of the facilities for travelluag having attracted 
London merchants to run down to the great manufacturing 
towns to make purchases, it has induced the great manu- 
fiicturers to build large establishments in the metropolis, 
where their goods are stored for the convenience of custo- 
mers, so that London has now become the warehouse as 
well as Uie counting-house of the world. The railways 
have also been a cause for a great demand for houses. 
The metropolis being intersecteain all directions by them, 
every one of these, except a small length of underground 
line up the New Road, has destroyed thousands of houses, 
particularly those of the poorer classes. 

The enormous increase in the system of banking, and of 
discounting, of fire and life insurance, and, in fact, of every 
branch of what is now popularly called financial schemes, 
and the active rivalry of tne various companies, have led to a 
system of competition which has necessitated the erection of 
really palatial structures, more as a means of showy adver- 
tisement than as necessitated by their business requirements. 
As these undertakings must of necessity be close to the 
Bank and Stock Exdiange, the value of property in that 
locality has increased in an unprecedented, and, it may be, 
in a feverish degree. Land which formerly was valued by 
the foot frontage is now estimated by the foot superficial, 
and has sold for as much as L.I per foot per annum, and 
at twenty-five years purchase.^ It seems almost imposr 
sible such prices should be maintained, especially as 



^ A curioiu calculation has b^an gone Into as to this value. Ten half-crowns placed side by side will measure 1 foot very nearly, 
therefor* 10 X 10 » 100 will be the numb^^r which would cover a foot superficial ; but 100 half-crowns are only worth £12, 10s. So that 
to pay for the ground would be equal veiy nearly to covering H over with half-crowns two layers deep 
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the system of speculation has already received a severe 
check* 

Another circumstance has caused very extensive build- 
ing in London. Six-sevenths of the city was burned down 
exactly two hundred years ago, and rebuilt all at once with 
any accessible material, and, for the most part, in the roost 
hurried and cheapest way. The consequence is whole 
districts of the city have grown old and decrepid, and it has 
been necessary to rebuild them all at about the same time. 

It would almost be impossible, and quite beyond our limits, 
to record the vast piles of buildmgs erected for the pur- 
poses of business in London — the stately shops, the piles of 
chambers and counting-houses, the warehouses, quays, and 
other works erected by merchants, shipping-owners, &c. It 
would be equally difficult to give any adequate idea of the 
multitudes of houses erected by private enterprise, of all 
rents and values, from those of the working-classes to 
aristocratic mansions of £500 a-year and upwards. Many 
millions must have been expended by private hands in 
addition to the public works before named, and this in 
architectural work, and not including those of engineering 
character, such as the railways, above and below grounc^ 
with their bridges and tunnels, and the vast works of the 
Thames embankment, and the main drainage. 

A few words should be said as to the endeavours to 
assist the poorer classes, and to ameliorate their condition, 
both physically and morally; and this, as well as some 
other remarks we now propose to offer, will apply to the 
country at large as well as to London. One of the most 
important was the introduction of public baths and wash- 
houses; these have been erected in most towns where 
there is a working population. The architects to these 
have been chiefly Mr Baly, and Messrs Ashpitel and 
Whichcord. The swimming baths by these aroiitects at 
Lambeth are said to be the largest in Europe. 

The great demand for dwellings for the working-classes — 
consequent on the destruction in the poorer districts by 
the railways, which has been alluded to before, has led to 
the erection of what are often called model dwellings. 
These at first were erected much afler the fashion of 
barracks, where a great number of chambers all led out of 
one common corridor or gallery ; but this was found detri- 
mental both to the comfort and morals of the inhabitants. 
The last-named architects erected a large set at Lambeth, 
where every set of chambers has not only its own con- 
veniences, but b approached by outside balconies, so that 
every family has its own front door and separate dwelling 
within. This plan has since been extensively followed in 
various parts of both London and the country, and is found 
to answer extremely well. 

The number of churches erected, or enlarged and re- 
stored, is also beyond calculation. The greater part of the 
works have been executed exactly in the style ot our medi- 
9val ancestors. In many later instances Gothic of foreign 
character has been introduced; and not only so, but it 
has been attempted to make a modern or Neo-6othic. 

This consideration leads us to a short review of the 
changes of taste and variations of fashion in architecture. 
Thanks chiefly to the labours of the various arcliaeological 
societies, and the publications of Professor Willis, Mr 
Parker, and others, a correctness and purity of detail has 
been arrived at, such as only reouirea that an architect 
should enter into the mirii of tne mediaeval design to 
rival his illustrious predecessors. That tlie architecture 
of the churches of our forefathers did or should appeal 
most strongly to the reminiscences and sentiments of 
their descendants seems to be recognised ; and it cannot 
be denied that many churches worthy of the thirteenth 
and fourteenth centuries were erected. A cognate taste 
prevailed in building private houses of importance ; and 



palatial mansions, in the style of the Tudors, almost rival- ^omposi 
ling Knole, Holland House, Crewe, and Woollaton, were ^^^ 
built. But in England, as soon as anything arrives near 
to perfection there is, first of all, a desire to apply Jt to in- 
congruous purposes, and next to supersede it by some par- 
tially understood novelty. People were startled to see 
workhouses decked out in the ornaments such as Cecil and 
Sidney delighted in ; and hospitals for the idiot, the insane, 
and the pauper, take the form of aristpcratic palaces. Others 
wished for change for the sake of change ; and architects 
were obliged to rack their brains for something which was 
to be at once old and new. In the meantime, others, who 
sought for fame, or rather fortune, without possessing that 
intuitive perception which is another word for genius, or the 
quiet Industry which oflen arrives at most satis&ctory results, 
— tliese gentlemen found it a cheap and easy road to choose 
the odd and eccentric. If they could not make the world 
admire, they could make people stare, and so attract notice 
somehow. The consequences have been absurd, and in 
some instances painful. 

The desire for new forms of Gothic architecture in build- Foreign 
ing churches had induced tlie adoption of some foreign Gothic. 
arrangements, such as gables over the windows of every bay 
of the aisles, a different character of towers and spires, 
tall apsldal east ends, and many other features; and 
thougti these things did not commend themselves to English 
archaeologists, nor indeed to any one acquainted with the 
churches of our fathers, still there was a degree of keeping 
and elegance about them, when in the hands of ^ deacons of 
their craft," that was pleasing. About the time that the 
architecture of France and Germany had been brought into 
notice, a very clever book was published by Mr Street on 
that of the north of Italy, particularly the style in which brick 
is the materia] of the fabric, and marble that of the decora- 
tion. It has always been the misfortune that a true artist 
has first his followers and then his incompetent imitators. 
So it has been with both these branches. Those of this 
latter class, who took France and Germany as models, chose 
the heaviest, the barest, and baldest examples they could 
find. A flat piece of stone with a few holes cut through 
supplied the place of tracery, and if a tower had pointed 
windows, with exaggerated louvre boards, it was thought to 
possess quite sufficient artistic features to make a design. 

The *' brick and marble" was exaggerated into equally 
bad results. No one seems for a moment to have reflected 
that in the plains of Lombardy there is plenty of clay to 
make bricks with, and in the mountains both marble and 
granite, but that in most places good building stone is rare. 
They forgot also that in England we have roost excellent 
stone, and no marble fit for general building purposes. 
What was the consequence? Brick was canonized. 
'* Honest brickwork," as was the phrase, forgetting by the 
way that brick after all is only factitious stone. Then we 
fell back into the errore of the first attempts at building 
Gothic churches, and we had a revival of what was then 
called ^* brick and a half Gothic" — thin walls, no tracery, 
and especially no buttresses. Then there was a cry for 
colour, and horizontal courses of red bricks were used to 
stripe the walls. This first obtained the name of the 
'* streaky bacon style," and then the sobriquet of *'holy 
zebra." To this succeeded a mania for dotting work over 
with headers of black, red, yellow, and white brick. This 
was called the **Tunbridge ware style." ^ In fact, an affec- 
tation of the novel and the striking, without the slightest 
regard to beauty, proportion, or propriety prevailed, just as a 
century ago everybody went mad after Chambers' Chinese 
style. Naj*, it was worse, for this last trcuran endeavour to 
design in a styie used by a civilized people ; but our late 
mania has been to be modem and to be ancient at the same 
time. That acute observer, the late Mr Thackeray, has 



> Since the above wai written, lete events have given it tfie unenviable title of the '* London, Chatham, end Dover ftyle.*' 
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characterised it as the " bran new and intensely old." To 
illustrate a modern design, let any man select a plain brick 
house in any of the streets about Bloomsbury; takeout the 
cambered arches» and replace them with similar cut and 
guaged arches, but of pointed form (no splays, mind); 
let him draw some stripes with red paint horizontally 
every 1 8 inches or 2 feet, and dot the upper courses with red, 
black, and white paint, and he will have the model of a 
house such as may be counted by hundreds round tlie 
metropolis. It has been urged in excuse that this is better 
afler all than the plain Bloomsbury house without any at- 
tempt at ornament* But it is not so. The Bloomsbury 
house has no pretensions. It stands in its plain reality, 
while the other professes to be what it is not.^ It is sham- 
mediseval, and, like all shams, it is sinking fast into oblivion. 
Even where houses have been fully carried out, both as 
to interior and exterior, in the mediaeval style, they are 
totally incongruous with our modem habits and customs, 
and at variance with modem sentiment. It has been 
asked, 'What has the architecture of the temples of Theseus 
and Minerva to do with a Christian church ? and it may 
also well be asked, What has the architecture of feudal times, 
of the days of 8er& and retainers, of archers and bill-men, 
of warders and jesters, of portcullises and battlements, of 
helmets, gauntlets, and mail shirts, to do with the days 
of butlers, boudoirs, grand pianofortes, and kid-gloves ? 
However, a style has been gradually springing up on 
the Continent, and, in fiict, has appeared on this side of the 
Channel, which bids ftdr to be the architecture of the future. 
Institutions to encourage architecture have increased and 
flourished in a remarkable degree. The Royal Institute 
of British Architects has removed from the old and incon- 
venient apartments in Grosvenor Street to the spacious 
mansion belonging to the late Earl of Macclesfield in 
Conduit Street. Its transactions, which formerly filled 
two thin quarto volumes, are now published regularly every 
fortnight, with copious illustrations, and extend to many 
volumes. The library has trebled in number, and is now 
of the greatest value. It is open to any student, properly 
recommended, on certain evenings of the week, besides 
which its contents may be consulted at any time of the day 
on proper application. The Institute, or rather a commit- 
tee of its body, have been appointed examiners of candi- 
dates for the office of District Surveyor under the Metropo- 
litan Buildings Act. A most important step has also been 
taken in the establishment of a voluntary examination of 
the younger men about to enter the profession, as to their 
knowledge of the scientific, artistic, and practical branches 
of the profession, as well as of letters. It comprehends a 
mathematical and algebraic course, as well pure as applied, 
including trigonometry and mechanics; a course of lan- 
guagesy ancient and modern— Latin and Greek, French, 
Italian, &c. ; construction, professional practice, and the 
history and literature of all periods. At present the stu- 
dents are divided into two classes only, but it is intended to 
extend these classes as the examination progresses. Simi- 
lar Institutes exist at Edinburgh, Dublin, Liverpool, Man- 
chester, &c* The younger members of the profession in 
London have instituted the Architectural Association, the 
objects of which are chiefly for self-instmction, and. to pave 
the way for joining the older body. They also meet at 
Conduit Street, where classes for the study of scientific and 
practical subjects, and for drawing, are held very frequently. 
This body numbers 247 members^ which are increasing 
yearly. 

A room has been devoted to an annual exhibition of 
architectural drawings, &c., and that of any new material. 



inventions, or other objects useful in building. This is *[odeni 
also held in the galleries in Conduit Street, where there is j^^^^, 
annual conversazione, and a series of lectures on cognate ^m.^, 
subjects by some of the first men in the profession, as well v ^ ^-m-^ 
as by distinguished amateurs and literary men. 

Another important institution bears the name given in Architec- 
the margin. Its primary object was the republication ofJi^on 
some works on architecture. But their attention lately society, 
has been turned to the composition of a Dictionary, which, 
it is supposed, when finished, will be the most com- 
plete and comprehensive ever published on any science or 
art. The subjects take the widest range. Every style of 
architecture is treated of as well as its minutest details. 
The biography of every architect of note is given, and 
an account of every city which may contain any remark- 
able building. A very copious dictionary of all the terms 
used in ancient, mediieval, and modem architecture, par- 
ticularly the difficult words in Vitmvius— of all the mate- 
rials, with their chemical properties — of all manufactured 
materials— of all methods of construction — of all new in- 
ventions — in short, on any point about which information 
can possibly be required — from the highest scientific ques- 
tion down to the enumeration and description of the use 
of the tools in a workman's basket — complete articles may 
be found, 

Where there are disputed points, the theories on all 
sides are fully and fairly stated, and the reader b lefl 
then to judge for himself. There is therefore not the 
slightest bias or partisanship in any way. It is believed no 
better method could be devised to ensure correctness. The 
copiousness of the work may be guessed by the fisu^t, that, 
including letter H, more than a thousand pages of folio 
letterpress in double columns have been published, besides 
many thousand illustrations in lithography, chromo-litho- 
graphy, and wood-cuts. It is supposed about three-fifUis 
of the work is now completed. 

Little more than twenty years ago there was no periodi- Arebitec- 
cal devoted to this subject. There are now four in London ^^^ ^•''i- 
alone. The Builder established in 1843, goes on with**^*^"' 
undiminished popularity, and with increasing circulation, 
under the able editorship of George Godwin, Esq., F.R.S., 
F.S.A., &c., and has maintained its rank as the earliest 
and most valuable of all of this school of literature. Next 
to this ranks the Building News^ an able joumal, con- 
ducted by Passmore Edwards, Esq., which has been estab- 
lished twelve years. Besides, there are the Building 
Reporter^ and Building Joumcdy both of which are the 
rather connected with the business than the theory of 
architecture. 

Modem French Architecture, 

The gigantic improvements in Paris, the construction of Improve- 
miles of streets and boulevards, of a number of parks, ments at 
squares, public buildings, and fountains, and, above all, the P^i'i'* 
completion of the (Milace of the Tuillerics, has gradually 
introduced a new style, which may be termed '* modern 
French architecture." 

This may be defined as classic renaissance, a style Definition, 
without the meretriciousness of the Louis Quinze period, 
and with more fimcy, spirit, and play than was given to the 
classic art some fifly years back. In fact, at this last 
period the worid fell into the great mistake of supposing 
that nothing could be classic except it was regular, coUl, 
and severe. As every art degenerates into extremes, the 
classic architecture of a few years back became mannered, 
pedantic, and constrained. No doubt the revival of me- 



1 The idea that bits of Gothic stack on to a regular nineteenth century house, will make it roedinval, has been happily illuitrmted by 
his qaeetion, ** If yott put a pair of epaulettes on a ploaghboy's smuck-frock, will that make him a soldier V* 
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diieval art has dgne much to break our trammels, and it is 
now found that picturesqueness and fancy may be found 
as well in classic architecture as in that of any other period. 
The old mistake was much the same as to suppose because 
there was a Homer and iEschylus, there could be no beau- 
ties in Pindar or Theocritus, or as classical Latinity 
boasted of a Lucretius and a Virgil, there could be no ex- 
cellencies in Horace or Terence. 

The modern French, as employed at the Tuilleries and 
other important public buildings, is purely classic. The 
character of the detail is rather that of Vignola than of 
Palladio, or Scamozzi. The mouldings are in general 
carefully studied and pure, and, as a general rule, tlie whole 
arrangement is remarkable for lightness and grace. Pro- 
portion seems to have been carefully studied. To those 
whose eyes have been accustomed to the cumbrous, }H>n- 
.derous style of some of our later works, that of the modem 
French appears to be too light. But it should be remem- 
bered that weight or lightness are qualities to be em- 
ployed as the use, requirement, or sentiment of the build- 
ing may dictate. Our early churches are all massive, with 
very small windows, having broad splays inside, where 
archers or spearmen might stand. The church was often 
then by necessity the fortress of the place. As these 
necessities grew less, the style of building became lighter 
and more elegant A large window filled with slight tracery 
would have been easily dashed in, and the place taken, 
while the little narrow Norman arrow-slit was a formidable 
means of defence. We admire the massiveness of New- 
gate, which seems to suggest the means of safely securing 
the malefactor inside, and of awing the would-be malefactor 
outside. Surely a nineteenth century house ought to have 
an air of lightsomeness and cheerfulness. 

We must take leave here to say a few words as to what 
is called seniimeni in design — a feeling which depends 
much on the history or antecedents of similar structures. 
Thus it was in consonance with the existence of old West- 
minster Hall, that the new Houses of Parliament were de- 
signed in the same style. Under its roof our laws, based 
on those of our Anglo-Saxon ancestors, had grown to their 
present state, and had been administered by Littleton, 
Gascoyne, More, Hale, Somers, and a crowd of other great 
names. In cliambers of similar architecture the feudal 
system had gradually given way to free soccaee, and the 
petition of right and act of habeas corpus had passed. 
But however excellent in other respects, it seems very in- 
congruous to design the palace where English law sits in 
her majesty in the Venetian style. Wliat is there in 
common between the recollections of the cold cruel tyrannv 
of the ten, their spies, their secret accusations, their mock 
trials, their tortures, the secret death of the victim, his 
grave in the sea with a sack for his shroud, and the open 
noontide, even-handed justice of our British courts ? Let 
us always study congruity. And in this way we should 
consider our dwellings; and we think the French have 
chosen rightly. Whatever faults they may have had, the 
Greeks and Romans were a highly intellectual, polished, 
and literary people. Everything they touched in the way 
of art, whetlier oratory, poetry, music, painting, sculpture, 
or architecture, had that refinement and elevation of thought 
and finish of execution that we call classicality. And 
classic architecture seems a necessary adjunct to refined 
manners and customs. 

But to proceed to more detailed points. Modern French 
architecture still adheres to some of the features of the 
Louis Quatorze style. Thus the high roofs, witli their 
lucame lights and spikels, prevailing from the time of 
Francis L till that of Louis XVL, are still in vogue (see 
Plate XL. figs. 1, 2, 3, 4 ; Plate XLL fig. 2> The modem 
rooft are very light, being chiefly constructed of zinc, as 



are the decorations of the windows themselves. Plate XL. Modern 
figs. 1 and 5, gives examples made by the Vielle Montague French 
Company. Another feature is Uie frequent use of a ^rchitec- 
marouise, or sun- shade over a door, also of the same ma- ^ ^ „^»_> 
teriat (Plate XL. fig. 2). Another is the constant use of 
balconies with extremely rich cast-iron railings (Plate ^^^^^ 
XLI. figs. 1 and 2). Similar castings, but, of course, much 
lighter, are also used to fill in the panels of doors. The 
windows are all hung like folding doors, and, as will be 
seen, whether decorated or not, are all of graceful propor- 
tions. The French adopt Lord Bacon's motto, and build 
with symmetry, where both this qualification and conveni- 
ence may be had (see Plate XL. figs. 2 and 3); where it is 
difficult or impossible, on account of the plan, as in^ fig. 1, 
they disregard this ouality, and place the door where it is 
best for the use of the inhabitant. We give fig. 4, a little 
pavilion or summer-house built near St Cloud, as an 
example of lightness, grace, and simplicity combined. 

In street architecture we give three examples (Plate XLL) Street Ar- 
of different degrees of richness and decorations, according chitectore. 
to the taste or fortune of the owner. Fig. 3 is a plain shop 
in the Rue de Rivoli, with apartments over, and with only 
one balcony on the upper story. Fig. 2, firom the Boule- 
vard de Sebastopol, snows a shop with a gallery running 
round to enlarge the opportunities of displaying goods, and 
which may be made a mezzanine by the introduction of a 
floor. Here are balconies to the Stage principal as well as 
to the top stage. The stories in street architecture are 
seldom more than 10 feet high. In fact, in matters of busi- 
ness, it seems a great mistake to build such lofly stories as we 
now oflen see. A merchant or lawyer can surely transact 
business as well in a room 10 feet high as in one of 15 feet. 
But the one will cost nearly half as much again as the other, 
and the additional 5 feet will entail the climbing up eight 
steps at least more in the staircase than the necessity ol^ 
the case requires. Suppose each story (Plate XLL ^g. 3) 
were 5 feet higher than as drawn, the staircase to the top 
floor, already a pretty good climb of 72 steps, must be in- 
creased to 104---no small consideration both in point of 
labour and expense. Fig. 3 is a private house in the Rue 
de Turin. In this, as will be seen, the reception rooms 
on the ground floor have an extra height, owing to the 
eaves or basement being a little above ground ; the other 
stories range. Here again we have greater richness of 
style. 

As will be seen by Plate XLH., this is sometimes very Deooni- 
simple, and often very rich. Figs. 1, 3, and 4 are examples ^<>°* 
of the former, and 7 to 1 1 of the latter quality. Tha« is 
one peculiarity as to the simple decoration, the flowing 
lines round the porticos (figs. 1 and 2) are incised, and not 
in relief. This, of course, is an immense saving of labour, 
and at a short distance looks eoually welL In all these 
examples there is a lightness ana grace as well as origin- 
ality. Nothing can be simpler than the window head (fig. 
3), which is that of the fourth floor of Plate XLL fig. 1, to a 
larger, yet still we see at a glance it is not a copy. Instead 
of concealing their chimneys, as we have been too much in 
the habit of doing, the French generally make a feature of 
them, and carry &em up so high that they need neither pots 
nor cowls. Plate XLH. fig. 6, is an example firom the Boule- 
vard Mon^u. The pilaster caps (figs. 9 and 11), the one 
quasi-Corinthian and the other Ionic, are also examples of 
originality. As to consoles, terminals, escutcheons, agrafiRes, 
vases, &c.^ their number is endless in Paris. Figs. 4, 2, 
and 7, 6, 8, and 10, are favourable examples. 

We would strongly advise our readers to study die sub- 
ject of modem French architecture as particularly adapted 
to modern times and modern cities ; as flexible and adapt- 
able, and capable of being carried out either in a very 
simple or highly florid manner. 
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This branch of science teaches how to constnict large 
public rooms, either for oratory or music, in such a manner 
that the speaJcer may be easily and distinctly heard, or the 
music produce a clear and pleasing effect. As there are 
so many unavoidable circumstances which necesuu*ily 
modify Uie arraneeroents we would desire to make in all 
our buildings, and so many adventitious causes which dis- 
turb them when madie, this branch has been considered by 
many architects as too vague and unsettled to be treated 
of scientifically ; and it is a curious circumstance, that in 
the best modem treatise on architecture, the word acoustics 
is wholly omitted. 

It is a fact, however that some buildings are '* bad for 
hearing,'' and some the reverse ; some are ** bad for speak- 
ing,'' and yet good as concert rooms. It is a fact that some 
architects scarcely ever build a public room in which persons 
can hear well; and some, like Sir Christopher Wren, 
seldom have erected a church or other public building 
which is not eminently suited to its purpose in this respect. 
Clearly, then, so important a subject is worthy of our 
investigation. 

For information on the aiairaet science of acoustics, we 
must refer to the volumes of the *' Encyclopaedia Britan- 
nica;" but it is our intention to give some short, plain 
remarks on practical architectural acoustics, which, we 
hope, will be useful to our readers, particularly to any 
architect employed on public buildings. 

We must, however, premise that sound is air set in 
motion in certain undulations or vibrations. These undu- 
lations travel firom the source or cause of the sound, spread- 
ing in all directions in a way somewhat analogous to the 
undulations on the sur&ce of still water when a stone is 
thrown in, or when it is disturbed in any other way, Sound 
is communicable through various substances, particularly 
air ; in fiu^t, without this fluid it is not transmitted. If a 
musical snuff-box, or any other self-acting mechanical con- 
trivance to produce sounds, is placed under the exhausting 
glass of an air-pump, and if the air be pumped out, the sounds 
gradually become fainter and fitinter, till tney are almost en- 
tirely lost. There is always more or less actual ybfc« accom- 
panying the transmission of sound. A clap of thunder will 
shake a house to its foundation. A salvo of artillery will break 
windows* Large double drums will affect substances in a 
less degree. The tones of a violoncello will cause a tumbler 
perceptibly to vibrate; and in lesser or greater propor- 
tion all sounds are accompanied by forces which affect 
matter. If the time of the modulations or vibrations of 
two or more sounds are in certain ratios, or regular propor- 
tions to each other, they are then harmonUnu or musical ; 
if not in such ratios, the sounds are discordant The laws 
for this are given in the treatises on Music, and are beside 
our present purpose, though the fiicts are all-important in 
that science. In the former case, the sounds are pleasing ; 
in the latter they are very unpleasant to the ear. Harmo- 
nious sounds, however, may be unpleasant if too loud, but 
even then they can scarcely be sud to degenerate into notte. 
Diicordant noises always partake of the latter character, 
and if too powerful are doubly painful to the ear. Sound 
trtneis at a rate varying, according to the condition of the 
atmosphere, from 1090 to 1120 feet in a second ; and it is 
said that, even when diminishing in force, it still continues 
to travel at the same speed as long as it is perceptible* 
Sound always travels in straight lines, but is easily deflected^ 
or carried into various directions by the wind or other cur- 



rents of air, but is generally rendered much less distinct by Archi- 
such causes. Thus, the tones of a peal of bells that might tectural 
be heard clearly a mile off in a calm day, may perhaps be Acoustics, 
carried by a strong wind to perhaps double that distance, ^^•v^*' 
and that so as to appear nearly as loud to the ear as in the 
former case ; but though nearly as powerful they lose their 
distinctness, and the sounds become very much confused. 
Sounds are not only capable of being deflected or carried 
aside by currents, but they are capable of being refiected, 
or sent off from any solid surfaces; and not only so, they 
are capable of rebounding or coming back, a quality of 
sound which is commonly called reverbercUiony and which 
is of the greatest consequence in considering the form of 
public buildings. The laws of the rebounding, or reflection 
of sound, are very analogous to those of light, or of any 
elastic body, and may be familiarly illustrated by the re^* 
bounding of a billiard ball firom cuMion to cushion. If the 
times of the refraction, or repetition of sounds, are regular 
and distinct, it is called echo, — a phenomenon so well known E^o. 
as to need no further description. If, however, they be 
irregular and confused, it is oedled simply reverberationy — 
a condition the most annoying in public rooms, and the 
most difficult of correction. Sometimes large rooms will 
give a reverberating sound of harmonic character ; this is 
called sonorousness or resonance, and is a valuable quality RMonance, 
in concert rooms, and sometimes even for oratory, as it 
gives a pleasing vibration to the voice, and sometimes seems 
to increase its intensity ; if, however, too powerful in de- 
gree, it is apt to degenerate into reverberation. 

There are many other most important conditions regard- 
ing sound. Indeed, if we consider it, the science which 
affects one of the most important of those five senses which 
are everything to humanity, it is not to be wondered at 
that the philosophy of acoustics is both profound and ex- 
tensive. It is bNslieved, however, the outline given above 
will be sufficient for the purposes of our investigation, and 
reference has already been made to the sources for further 
information. 



Buildings Acoustically biui^ or in which ii is difficult 

to Hear, 

A frequent cause of difficulty of hearing is that the rooms 
are so large that a man having only average powers of voice 
is not able to fill them. 

Several investigations have been jnade as to the distance 
at which a moderate voice could be heard, the most im- 
portant of which are those of Sir Christopher Wren, as re* 
gards the interior of buildings, and of Saunders as to the 
power of hearing in the open air. The experiments of the 
latter were made when he was about to write his work on 
theatres (about 1790). Sir Christopher says (PareniaUa, 
818X ** A remarkable voice may be heard 50 feet dbtant How far a 
before the preacher, 80 feet on each side, and 20 feet be- voice may 
hind the pulpit" (see fig. 1). Saunders (see fig. 2) tells us that ^ ^^''^' 
a person in an open plain, and on a still cUiy, read from a 
book, and was heard 92 feet in front, 75 feet on each side, 
and 31 feet behind him. The marginal diagrams (P being the 
place of the speaker) show the extraordinary difference be- 
tween the two theories, which is still greater if we take into 
consideration that Wren, calculated for a building roofed in, 
where the preacher or speaker would have the advantage of 
so much ot the voice as might be reflected downwards, and ^ 
not lost upwards, as it must be in the open air. The pro* 
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size for a theatre. One of Wren's largest churches — St 
James,' Westminster — is nearly 90 feet by 70, about half as 
much again as the size he gives. This, he says, holds 2000 
persons; and he remarks, ''I can hardly think it practi- 
cable to make a single room so capacious, with pews and 
galleries, as to hold above 2000 persons, and all to hear the 
service, and both to hear distinctly and see the preacher.** 
Concert rooms, halls for public oratory, and theatres mtut^ 
however, be so contrived that they will hold large numbers ; 
and in the two former cases in particular, the problem be* 
comes to construct a room of the maximum size, in which 
a moderate voice may be best heard. Of course, there are 
some stentorian voices which may be heard almost any- 
where, but these are exceptional cases* The best way of 
treating such rooms will be found in the last section. Some- 
times rooms are bad for hearing, because they are of bad 
proportions. If too long, the voice decays, or is lost before 
it reaches the end ; or it may sometimes be heard at the 
end by reflection, and lost between that point and the 
middle. If too loide, the voice is lost at the sides, unless 
the speaker turns first to one and then to the other, in which 
case tie is alternately inaudible to both. In the like manner, 
a recess coming out of one side of a room is a great impedi- 
ment ; and a dome rising suddenly out of a flat ceiling will 
deflect the voice upwards in such a way that the speaker 
will be quite inaudible beyond its margin,. though perfectly 
heard within a few yards nearer to his place. One of the 
worst forms of churches for preaching is a transeptal church. 
The preacher, in effect, is addressing three congregations ; 
if he looks towards the nave he is audible there, but not so 
in either of the transepts ; if towards either of the tran- 
septs, he is not heard in the other, nor in the nave. One of 
the finest modern churches near London is liable to this de- 
fect in an eminent degree. 

If a room is too highy the voice disperses too much and 
is wasted, not from reverberation, but because the voice 
seems as it were diluted^ when the volumes of air are to 
large for its powers. If too low, the voice is beaten down, 
as is felt, in a very unpleasant way, both to tlie hearers and 
speakers. Probably there is not room for the undulations 
to develope themselves. In general, it may however be said, 
that a rooqa intended for singing, should be more lofty than 
one intended foe oratory. An arched ceiling is also better 
than one that is flat, as will be treated of hereafler; and a 
groined vaulting, or open timber roof, better still. But the 
principal impediments to distinct hearing, as has been said, 
is reverberation or echo^ and this is principally perceptible in 
rooms which have plain, unbroken, or bare surfaces, as to 
their walls and ceiling, the rebounding of the voice fi'om 
side to side is then very unpleasant and perplexing. For 
it must be understood, that reverberation does not lessen 
or absorb sounds : it rather increases their intensity, but 
mixes and confuses them. Obstruction is another cause 
^ of difficulty of hearing, this however, seldom occurs in 
public rooms; for tliough persons immediately behind a 



column may not hear* so well as others, yet in general, a 
room so divided, is even better for hearing than a large 
void space. The obstruction, however, of one person being 
behind another, is now common, and can only be remedied 
by raising the speaker, or the more dbtant seats of the au- 
dience. 

Remedies to Rooms already Erected. 

If the room be too large for the voice of the person, and 
yet not too large for the congregation or audience who 
fi'equent it, there is no remedy, except the room has also 
other &ults which may be lessened or removed. An archi- 
tect is often blamed, when the fault is only in the speaker* 
If the latter has not sufficient physical power, he resembles 
a man too weak to carry a heavy weight. It however often 
happens that the room is too large both for the voice and for 
the audience. Such is the case with many country churches, 
which have been originally built for the ceremonies of 
great monastic bodies, and are now used by small parochial 
congregations. In these cases, it is best at once to re- 
duce uiem to smaller dimensions, by screens framed of Screens, 
wood, or some sonorous materiaL In Canterbury Cathedral, 
the elegant stone screens behind the altar are glazed with 
plate glass, which reflects the voice forward in a remarkable 
degree. In very large buildings, like the Crystal Palace, 
the concert rooms are better if screened off altogether ; when 
this is difficult, as at the Handel Festival, the orchestra 
should be so, and that in such a way as to send the sound 
directly forward. This should be done with thin boarding, 
or some sonorous material as far as possible. Before 
the opening of the Great International Exhibition, the 
sound of the music at the rehearsal went up, and was 
lost in the great dome. This was very materially remedied 
by hanging up a large canvass or " velum" across the same, 
though, if it could have been made of resonant material, it 
would have been far better. Side recesses and transepts 
may also be cut off from the main building. It is a fact, 
that in almost all large mediaeval buildings, the transepts 
were screened off from the choirs, and used as side chapels, 
or other ecclesiastical purposes. 

The remedies in the more common cases against rever- Reverbera- 
beration or echo, must depend on the causes which create it. tioo. 
If we enter an empty room and bang the door, or clap our 
hands, we are surprised at the confused continuous echo we 
hear. This is frequently lost when the room is filled with 
people. If not, it is often remedied by putting up flags or 
large curtains. In the Law Courts at Guildhall, where the 
reverberation at one time was positively painful, the hanging 
up some large pictures was found materially to assist the 
hearing distinctly. Even laying down felt carpets, has been 
found of service. It is remarkable, indeed, how non- elas- 
tic substances, or those from which sounds cannot rebound, 
seem to absorb those sounds ; in fact, they may do so to such 
a degree, as to be positively detrimental. An eminent 
Italian vocalist informs us, that the worst possible place to 
sing in is a large library, even though a well-proportioned 
room, and that nothing deadens the voice so much as a 
number of books. I^ therefore, a room is wanting in reso- Rewnanca 
nance or sonority, all superfluous curtains, carpets, i^c, wanted, 
should be removed. In fact, as it is in almost every branch 
of art or science, it b the just medium between too many 
reflecting and too many absorbing surfaces we must seek. 

The coiM^nic/ton of rooms can frequently be much altered 
for the better. Thus an arched ceiling may be substituted 
for a flat one, or its surface may be broken by ribs instead 
of being quite plane. The surfaces of walls may also be 
broken up by pilasters, or other decoration. It is, however, 
said, that deep coffers in ceilings absorb or destroy too 
much sound. The square comers of rooms seem to add 
very much to unpleasant reverberation. Sounds seem to 
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bound across the angles, and thence to the opposite corners, 
and back again, as a ball will often do on a billiard- table. 
Such comers can be cut off, or rounded, often without 
doing harm to the design, but never without assisting the 
power of hearing. An end gallery^ however, lias oflen 
been found of great service, as it checks the rebounding of 
the sounds backwards and forwards from end to end. As 
a general rule, anything that breaks up large reflecting 
surfaces, so that it is not carried so far as to become an ob- 
struction, 18 very valuable against the effects of too much 
reverberation. We must not, however, forget what has 
been said before as to resonance^ and in all alterations should 
make use of resonant materials, as will be hereafter treated of. 

As we have now spoken of the methods of checking too 
much reverberation, we are now naturally led to the con- 
sideration of those by which the distinct transmission of 
sounds may be assisted. These have been called ** re- 
flectors,'' but not very correctly, as reflection implies the 
sending hack that which has before been sent out or trans- 
mitted. They may more properly be designated "directors." 
The most common of these are the sounding-hoards of 
pulpits. These are frames of wood sometimes quite flat and 
sometimes slightly arched, suspended over the head of the 
speaker to prevent the Voice ascending to the ceiling, and 
to deflect it downwards to the congregation. Complaints 
are however made, that, where there are galleries, the occu- 
pants of seats below. are benefited at the expense of those 
above. A sort of sounding-boards, ofparaholic sha{)e, have 
been made to throw the voice forward, and have succeeded 
to some degree ; but unfortunately every sound in the body 
of the church is conveyed to this sounding-board, and re- 
flected to the focus of the parabola where the preacher is 
placed. He not only hears the echo of his own voice 
repeating every word he says in a most confiising manner, 
but every whisper of the congregation is reproduced behind 
him, and he is oflen compelled to listen to uncomplimentary 
remarks on the length and dulness of his sermon. These 
circumstances have caused such annoyances, that the para- 
bolic sowuling-boards have been discontinued for some 
time past. A large frame, made of thin boards nearly of 
hemispherical form, was hung up over the orchestra at the 
Surrey Music Hall, slightly tilted upwards, and was found 
to be very favourable in conducting the sounds forward. 
In the Handel Orchestra, at the Crystal Palace, something 
of the kind has also been fitted up, as has been said before. 
It w not at all improbable that the '* concha," or shell- 
shaped covering over the **bema" of the basilican churches 
abroad has suggested these auxiliaries. 

In concert rooms the resonance, or power of sound, may 
sometimes be much increased by forming the orchestra of 
resonant material, and especially contriving it shall be hollow 
below. The alteration of benches, so as to form what is 
called an isacoustic curve, will also materially assist the 
bearing, as will be shown in the next section. The sub- 
stitution of thin boarding for plastered ceiling is often found 
materially to assist the voice. 

Some Suggestions as to Rooms about to be Erected. 

There can be no doubt that a proper proportion of dimen- 
sions has much to do with the acoustic properties of a room. 
If the length, breadth, and height are in a regular ratio to 
each other, the waves of sound come back, or flow round 
in regular intervals, or vibrate at isochronal periods. This, 
as has before been explained, is the very essence of har- 
monious sounds. If the proportions have no relation to 
each other, the vibrations are irregular, and at last become 
broken and confused ; and, as has been shown, this forms 
the difference between harmony and discord, and between 
resonance and noise. The author has in his mind a room 
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in most respects very unfavourable for sound. It has aflat 
ceiling, bare unbroken walls, and an awkward recess at one 
side ; yet it is by no means a bad concert room. But it 
happens to be exactly 60 feet long, 30 feet wide, and 20 "*— ^/-*^ 
feet high, or in the ratios of 1, 1^, and 3. A double cube, 
that is, a room of equal height and width, and twice as long 
as wide, is said to be a very good proportion for a public 
room. The Surrey Music Hall was as high as it was wide 
(68 feet), and 2J times as long 070 feet nearly). The 
Free Trade Hall at Manchester, also remarkable as a good 
room, both for oratory or music, is 1^ times as wide, and 
^^ times as long as it is high; or on an average 52 feet 
high, 78 feet wide, and 130 feet long. This is, perhaps, a 
better proportion, as the same height as width is too nigh 
for oratory. It must, however, be remembered, that the 
former building had three galleries, while the latter had but 
one. The music room lately erected at Edinburgh by 
Professor Donaldson is also eminently successful. Its 
proportions are 36 feet in width, 48 feet in height, and 90 
feet in length; or (dividing each by 12, as a common 
multiple), 3, 4, and 7^. 

The question of general form ot public rooms may now General 
conveniently be treated of. They may be classed— 1st, As form. 
simple parallelograms; 2d, As the same, divided into nave 
and aisles, like churches; 3d, As portions of circles or 
ellipses, like lecture-rooms, or the legislative chambers 
abroad ; or 4th, As of horse-shoe forms, like our theatres. 

In the^r.y^ of these instances little can be added to what Simple 
has been already said, viz., that proper proportions should, parallelo- 
if possible, be carefully preserved; that all square comers fif^*""« 
he rounded, or in some way cut off; that recesses be 
avoided ; that all plain surfaces of walls and ceilings be 
broken up ; that the latter be either portions of circles, or, 
better still, of elliptic sections, or, at any rate, if flat in the 
centre, should be deeply coved at the sides and ends ; and 
that, in case of music halls, some contrivance be placed 
over the orchestra to throw the voice forward. 

In the second of these instances the same remarks will also Divided 
very generally apply. The best form for hearing is un- parallelo- 
doubtedly that of the early Christian basilicse, where the end grams, 
of the nave is terminated with a semi-circular bema or chan- 
cel, surmounted with a hemispherical concha, or semi-dome. 
This tends to throw the voice forward into the church in a 
remarkable degree. The ceiling of the nave should be of 
much higher pitch than in the former case, seldom less 
than semi-circular in section ; those of the galleries may 
be flat, or, better still, sloping downwards towards the outer 
walls. Pointed Gothic vaulting, covered with ribs, seems 
materially to assist the music of the service. In Canter- 
bury Cathedral the tones travel with remarkable sonorous- 
ness ; but it is not a good building for preaching. These 
circumstances, no doubt, were the original cause of what is 
called *' intoning" the service. 

The third instance comprehends those buildings of semi- Semi- 
circular or segmental form, with a straight side, like tlie circular, 
theatres of the ancients, the legislative chambers at Paris 
and Washington, and the lecture theatres at our various in- 
stitutions. These seem very well suited to the latter piur- 
pose, as more persons can see the peribrmance of the 
experiments, which are generally the most important part 
of a lecture. They also suit the political arrangements 
abroad, as opinions there shade off in many ways, and are 
not treated, as with us, as ministerial and opposition. The 
speeches, too, are generally prepared, and read from a sort 
of pulpit or tribune. Acoustically, the objections are that 
no speaker can be heard well from any other place, and 
though some few rooms of this form, like the lecture 
theatre at the Royal Institution, are successful, the greater 
part are not generally favourable for speaking; and it 
seems to be for the reason mentioned both by Wren and 
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Saunders, that the voice traveb forward fiur more easily 
than it does sideways, and consequently those on the right 
and left of the speaker do not hear like those in front. It 
is thus at Paris, at the old theatre the Lyrique,' which was 
half an ellipse, on the miyor axis of which was the proscenium. 
When, however, curcumstances compel the adoption of 
these forms, the ceiling should be domed if possible, or, at 
least, have a very deep cove, and if lighted from above the 
lantern, should be glazed beneath with horizontal sashes or 
glass, curved so as to follow the general line of the ceiling, 
or an echo, or at least reverberation, is inevitable. Some 
have recommended the speaker to be placed in a sort of 
niche ; this would assist the hearing of those in fifont of 
him, who are already in the best place for that purpose, but 
would take away both sight and hearing, to some consider- 
able degree, from those to the right and Icfl. 

As regards thefnarih of these forms, that of our modern 
theatres, it is so seldom that a piece of ground can be got in 
cities of the proportions the architect requires, that, prac- 
tically, it is little use to go at length into the question of 
exact plan. If, however, the sides of the horse-shoe be 
drawn in too much near the stage, and the house be so long 
that the plan resembles an ellipse, with one end cut ofl^ the 
place of the speaker will be, as it were, in one focus of the 
ellipse, and the probability is he will be heard well in the 
other, or two-thiras up the pit ; but there will be revebera- 
tion or indistinctness everywhere else. The ceiling should 
be curved, but not too much so. If it takes too much tfa6 
form of a dome, the voice is lost upwards, as has before been 
described. The curve also should so finish over the pro- 
scenium as to catch the soimds and convey them forward. 
For this purpose also it is desirable that the stage itself 
should advance well into the house, that the speaker or 
singer may be more among the audience, as it were, and 
mor^ under the curve intended to conduct the voice. 

It has been already explained that the presence of a 
crowd of people deadens or absorbs sounds to a very great 
degree. In chiu'ches where there are wide aisles, no 
galleries, and large unbroken masses of air, this is frequently 
an advantage ; but in theatres and concert-rooms, where 
people are pushed closer together, it acts so disadvantage- 
ously as to necessitate some artificial mode of increasing 



their sonorousness. This can be done, first, by the use of Archi- 
sonorous materials, and next, by disposing of them to the tectarai 
best effect. If a watch be hdd in the hand, or placed on a ^^*^ 
soft cu^ion, its ticking is scarcely perceived. If laid on a ^^v^"*^ 
table, the sound is plainly heard ; and if on the sounding- Sonorous 
board of a pianoforte, or upon the back of a violoncello, the o'*^'^^^* 
sound is increased to a remarkable degree. Thus it is 
desirable that everything possible should be made of elastic 
material, like wood, and that walls and ceilings should be 
lined with thin boarding rather than plastered ; the latter 
material absorbing sound to a great degree. Where there 
b too much reverberation, it has already been explained, it is 
well to break up all flat surfaces ; but in theatres and other 
similar buildings this should be avoided. It is said the 
difference between plain, thin panelled box fronts and 
tliose ornamented with heavy composition ornaments is 
much greater than would ordinarily be believed. 

If these materials can be disposed so as to form hollow Disposi- 
spaces or chambers, particularly beneath the room, it is tion of ma 
also of great advantage. If a pianoforte be placed on a ^^"^' 
carpet, its sound is neither so great nor so distinct as if it 
stands on the bare floor, and both these Qualities are much 
augmented if it is placed on a sort of large hollow box. 
For this reason, if it be not possible to build the entire 
room with a hollow chamber under it, at anv rate, the stage 
or orchestra should be so treated, and all the firaming sup- 
ports and boarding should be of wood. 

DUponiion (f Seats. 

Although the arrangement of seats does not increase the Seats, 
sonorousness of a room, much of the comfort of the auditor 
and his ability to hear, depends on this. As sound, like 
light, always travels in a straight line, it is clear where there 
is an obstruction to sight there must also be to hearing. 
Where the seats are on a level floor, like those of a church, iq 
the preacher must be elevated to be heard, or the heads Charches, 
of the people in the fiiont seats will block up the transmission 
both of sight and sound to those behind. The diagram 
(fig. 3) will shew the difference of hearing between the 
pulpit and reading-desk. But inasmuch as the hearer is 
assisted by his previous knowledge of the service as well as 




Fig. ». 



by his prayer-book, it is usual to keep the latter lower than 
the other. The higher, however, the pulpit is raised, the 
more the voice ascends, and is lost in the roof. 

There are many reasons why the seats in churches must 
be kept on the same level, and there is but one remedy, to 
place the preacher higher or lower according to the length 
of the church, which is generally best determined by actual 



ins^tion; but in lecture, concert-rooms, and theatres, ^ ooi^ce^* 
the case is different. Here the appearance of the room ^ooms, &c. 
is improved, and the purposes of the speaker or artist better 
effected by raising the seats. The question b. How b this 
best to be done ? The old way was to draw a straight 
line showing the proposed incline or hanging level from 
back to front, and to subdivide that equally into br^dn or 



1 This now pulled down for tha pablie improvements, end rebuilt in the horse-shoe plan. 
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Steps ; but an inspection of the diagram (fig. 4) will show, 
supposing the lines are drawn to the Coping of the respec- 
Acooatics. ^^^ seats, that the angle of view, and of course of hearing 
^"^^/^ of the last seat, is not half that of the foremost. To 



obviate this difficulty, and to avoid the struggle for front Archi- 
seats, Mr Scott Russell, in an admirable paper published ^^ttral 
in the Edinburgh New PhiloMpMcal Journal, 1839, pro- Acooatic^ 

posed a system which, from its affording an equal chance ^"^^"^ 

Mr Scott 
Riusell's 
inconstic 
curve. 




Fig. 4. 



of hearing to all, he entitled '' The isaooustic curve." 
(Fig. 5.) 

He commences by setting out the position of the first 
seat in fi*ont of the speaker. He then sets out the posi- 



tion of the other seats at any convenient distance — say 
2 ft. 6. in. apart, and draws perpendiculars to show the 
places of the backs. He then returns to the front bench, 
and sets up the seat 1 ft 6 in. above the floor, above which he 




22.6. 



.Fig. 6. 



sets up a point, 2 fl. 9 in. in height, to represent the top of 
the bead of the foremost auditor. He then draws a line 
from the head of the speaker over the last found point, and 
continues it to the perpendicular of the back of the bench 
No. 2, where he sets up a height of 1 ft. 6 in;^ which he 
calls face height, or clear view over the head of the auditor 
seated on bendi No. I.' This line is continued to the 



plumb of the back of bench No. 8, where 1 fl. 6 in. again 
is set up, and the operation continued as long as is necessary. 
From their respective points thus found he sets down, first, 
2 fi. 9 in. for tne top of the seats of the bench, and, agaiuy 
I ft. 6 in. for the line of the floor. A line joining any set 
of these points will describe an isacoustic curve. 

This forms an excellent arrangement for a small room or 
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Archi- a lecture theatre ; but there is this difficulty with regard to the auditor when seated on the seventh bench, at a distance Glossary, 

tectural iconcert rooms or other large apartmente — the face height of only 22 ft. 6 in. from the speaker, will be 12 ft. 6 in. v^.^^.,^ 

Acoustics, g j^ great, and the rise too sharp. The top of the head of above the floor of the apartment. The principle, however, 

Gloi^sary. 




Pig. 6. 

may easily be carried out for larger rooms by taking a less 
face height. From the chin to the level of the eye b scarcely 
8 inches. If this be taken as face heights, and a similar 
diagram set up (6g. 6), it will be seen that the seventh 
bench will be nearly 5 feet less in height than by the 
former system. 

We have now treated of those points which principally 
concern the architect ; the general principles of acoustics ; 
the causes of defects in existing buildings, and their reme- 
dies ; suggestions as to buildings about to be erected, and 
the best way of disposing the seats for the auditory. It* 
only remains to give a short list of the best works of refer- 
ence for those who desire to go more deeply into the sub- 
ject. 

ContribtUions to Standard Wcrks^ Periodicals^ Sfc. 

Sir John Leslie.-^Ariicles in the *' £ncyclopfledia Britan- 

nica." 
Sir John HerscheL — The like in the "Encyclopaedia 

Metropolitana." 
Savart — Papers in the " Journal des Academies," Paris, 

1839-1840. 



Wheatstone, — Various Papers in tlie " Quarterly Journal 
of Science," &c. &c., from 1827 to 1831. 

Scott J^usselL^—ymous papers printed by the British As- 
sociation, 1844; and Koyal Institute of British Archi- 
tects, 1847. 

Separate Treatises : — 

Pouillet^'' Cours. de Physique." Paris, 1856. 

Breiver. — On Sound. London, 1854. 

Chladni, — Trait^ d'Acoustiquc. Paris. 

I'Fc^tfr.— Wellenlehre. Leipzig, 1825; and the various 
works on Physics by Somerville, Peschel, Amott, &c^ 
more especially applied to public buildings. 

Saundersj-'^Oxi Theatres. London, 1790. 

fTyart.— Do. do., 1811. 

Inman. — Abstract of Evidence before Parliament, 1835* 

Lachez — Acoustique et Optique des Salles de Reunion. 
Paris, 1848. 

71 Roger Smith. — Treatise on the Acoustics of Public 
Buildings. Weale's Rudimentaries. London, 1861 — 
which last treatise is probably the best yet produced on 
the subject, and contains an epitome of roost of the fore* 
going works, 
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GLOSSARY OF NAMES AND TERMS USED IN CLASSIC AND 

MEDIEVAL ARCHITECTURE. 



Glossary. ABACISCUS (diminutive of Abacus, q. v.) This term is 
applied to the chequers or squares of a tessellated pave- 
ment. 
Abacus, from the 6r. o^o^, a tray, or flat board, It. abaeo, 
Fr. taiUairy the upper part of Uie capital of a column, 
pier, &c. The early form of an abacus is simply a square 
flat stone, probably derived from the Tuscan order. In 
Saxon worK it is frequently simply chamfered, but in the 
crypt at Repton, it has also two horizontal grooves (Plate 
XaVI. fig. 1) ; and in the arcade of the refectory at 
Westminster, which is known to be the woik of Edward 
the Confessor, there is a deep notched groove between 
the square and the chamfer (Plate XX III. fig. I.) The 
abacus in Norman work is square where the columns are 
small ; but on larger piers it is sometimes octagonal, as at 
Waltham Abbey. (Plate XVIII. fig. 4.) Sometimes the 
square is notched at the comers so as to make it some- 
mutt like a cross, as at Ely (Plate XVIIL Bg. 8), and 
sometimes round, as at Gloucester. The square of the 
abacus is ofien sculptured, as at the White Tower (Plate 
XXVI. fig. 6), and at Alton (ib. dg. 7), and Sutton (ib. 
fig. 9). In early English work the abacus is generally 
circular, as at Stone (Plate XXVII. fig, 3), and in larger 
work, a continuation of circles, as at Salisbury (ib. fi^* 1)9 
sometimes octagonal, as at Warmington (Plate XaVII. 
fig. 4), and occasionally square. The mouldings are 
generally rounds, which overhang deep hollows, as at 
Salisbury (ib. fig. 1 ; see also Capital). The abacus in 
early French work is generally square, as at Blois. (Plate 
XXVI. fig. 14.) They are also generally quite fiat at 
the top, while in English work (except in Norman), all 
capitals, with scarce an exception, are more or less cham- 
fered at the top. The Decorated abacus is much like the 
early Enelish, but the hollows and rounds are not so 
bold. The upper moulding is firequently the overlapping 
roll moulding which resembles a scroll. (See Capital^ 
Plate XXVII. fig. 12.) In the Perpendicular period, 
they seem to have gone back to the octagonal form in 
the majority of instances, particularly on uie continent, 



for the various mouldings of all these styles. (See Capital, Glossary. 
Plate XXVII.) 

Abated, a term for such work in mediieval masonry as 
is worked down or sunk. 

Abbet (Fr. abbaye. It. abbadia, or contractedly, badia, 
Ger. abteif kloster), a term for the church and other 
buildings used by those conventual bodies presided over 
by an Abbot or Abbess, in contradistinction to cathedraly 
which is presided over by a Bishop, and a priory, the 
head of which was a Prior or Prioress, The word is 
supposed to be derived from the Hebrew Abba^ Father, 
by which name the Abbot was formerly generally desig- 
nated. The- buildings in all these instances are much 
the same, and generally consisted of a church, with ves- 
tries, sacristies, &c., eiUier within the same or detached, 
but close to the church ; a cloister with its usual alleys, and 
a cemetery, either in the centre of or attached to the same, 
a passage from these close to the church called a slype, 
the cheater-house, generally with a vestibule ; a refectory 
with hitchens, and various stores, brew-houses and bake^ 
houses; a hospitium or yuestem hall; hcutory or parlour, 
a library,^ scriptorium or writing-room, a treasury; these 
were generally all on the ground-floor, and over them or 
part of them, the dormitories, if^rmtxries, && Some 
large abbeys had prisons, and even a mint, and some 
separate buildings, as an almonry, sanctuary, &c*, and 
most were inclosed by a wall for defence, with gate- 
houses, &C. In larger establishments, as at Glastonbury, 
the Abbot and Prior had separate houses, with large 
halls, and every appliance necessary for a feudal lord ; and 
all mitred Abbeys, or those presided over by an Abbot 
who had a seat among the Lords as a spiritual peer, had 
a house in London generally called the Abbot's Inn, 
where he resided during the sitting of Parliament They 
had also cells or smaller houses in the country for change 
of air, and granges or farm-houses, all of which see under 
their respective heads. 

AcBOTEBiuM(Gr. oKpwTjpuw, the summit or vertex), a statue 
or ornament of any kind placed on the apex of a pedi- 
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Glossary. ment. The term is often incorrectly restricted to the 

^•^N/^-^ plinth, which forms the podium merely for the acroterium. 

The statue of the saint on the apex of the pediment of 

the western front of St Paul's is an acroterium ; the other 

statues may be called acroterial figures. 

Aisle, sometimes written Isle, Yle and Alley (Lat. and 
Ital. ala, Fr. aife, bas-coi4^ Ger. seitenschiff^ seitenchor.) 
In its primary sense the wing of a house, but generally 
used to describe the alleys or passages at the sides of the 
naves and choirs of churches. When reckoning their 
number, the nave is usually counted. Thus a nave with 
an aisle on each side, is generally called a three-aisled 
church. If with two aisles on each side, a five-aisled church. 
In England there are many churches with one side aisle 
only ; but there is only one cathedral with five aisles, 
that at Chichester. There are, however, very many such 
in the continent, the most celebrated of which are at 
Milan and Amiens. Others have three aisles of a side, 
or seven aisles in all, as the cathedrals at Antwerp and 
Paris. The most extraordinary, however, is that at Cor- 
dova, originally erected for a mosque. It was first built 
with a nave and five aisles on each side, eight others 
afterwards were added, making nineteen aisles in all. 
Old English writers firequently call the transepts, ^ the 
cross isle, or yle," and the nave the " middle ile.'' 

Alien Houses, religious houses in England belonging 
to, or under the control of, foreign ecclesiastics. They 
generally were built where property had been left by the 
donors to foreign orders to pray for their souls. They 
were frequently regular priories^ and sometimes only 
cellsj and even granges, with small chapels attached. 
Some, particularly in cities, seem to have been a sort 
of mission houses. There were more than 100 in Eng- 
land. Many alien houses were suppressed by Henry the 
Fifth, and the rest by Henry the Eighth. 

Alley, also called Ambulatory (Lat. deambtd€Uorium\ 
the covered passages round a cloister. (See also Alure.) 

Almert, also Aumery, Aumbrie^ and Ambry (Fr. 
armoire ; Ita). almario), a recess \r\ a wall of a church, 
sometimes square headed, and sometimes arched over, 
and closed with a door like a cupboard, and used to con- 
tain the chalices, basins, cruets, &c, for the use of the 
priest; many of them have stone shelves. They are 
sometimes near the piscina, but more often on the oppo- 
site side. The word also seems in mediaeval times to 
be used commonly for any closed cupboard, and even 
book- case. In &ct the word armoire is in use abroad, 
to signify such objects to tlie present day. 

Almonry (Lat. eleemosinarium, Fr. aumonerie, Ger. 
aimosenhaus), the place or chamber where alms were 
distributed to the poor in churches, or other ecclesiastical 
buildings. At Bishopstone Church, County Wilts, it is 
a sort of covered porch attached to the south transept, 
but not communicating with the interior of the church. 
At Worcester Cathedral the alms are said to have been 
distributed on stone tables, on each side, within the 
ereat porch. In large monastic establishments, as at 
Westminster, it seems to have been a separate building 
of some importance, either joining or near the gatehouse, 
that the establishment might be disturbed as little as 
possible. 

Almsbousbs, small buildings for the residence of the aged 
poor, generally endowed with some yearly stipend. The 
greater portion were built after the Reformation. Two 
early examples may be cited in England, as affording a 
study for the architect ; that at St Cross, near Winches- 
ter, and that near the Preaching Cross of the Black 
Friars at Hereford. 

Altab, anciently written Auter, or Awter (Lat. and Ital. 
aiiare, Fr. autel)^ the elevated table devoted to the 



celebration of the Eucharist. It is foreign to the pur- Glostary. 
pose of this work to treat of the history of the word altar, 
and the controversies thereon. It is sufficient to say, in 
an architectural sense, that altars appear originally to 
have been plain wooden tables; then to have been of stone, 
probably because the martyrs were interred in or under 
them ; some at Rome are actually ancient sarcophagi. 
In mediaeval times, it is supposed all were of stone ; some 
were plain slabs, supported by legs or brackets of the 
same material, jutting out of the wall, and are generally 
marked with five small crosses, one at each comer* and 
one in the middle. VioUet-le-Duc gives an ' example 
(jatUel) where the slab has only one leg. 

Alure (Lat. alura — allorium^ probably from alatarium), 
an alley, passage, the water way, or flat gutter behind 
a parapet, the galleries of a clerestory, sometimes even the 
aisle itself of a church. (See also Valurino, Vamure.) 

Ambo (Gr. dfiPtayj Fr. amhon, Ger. leseptUl), a raised desk, 
used in the early Christian Church for preaching or 
reading from. In some places there were two ; one for 
the epistle, and one for the gospel. They frequently 
were ascended on each side by steps. The finest, and 
probably oldest, existing examples are at San Clemente, 
at Rome ; these are of various marbles, enriched with 
mosaics, and are placed one on each side of the choir. 
The ambo is frequently called anagogium^ amdogium^ 
and lectorium, and sometimes ytt6^. 

Ambry. (See Almbry.) 

Amphiprostyle (Gr. a/Li^c, around or about, and prostyle, 
g, V,) A temple with a portico at each end is said to be 
amphiprostylar. This term would be more correctly ap- 
plied to a structure having projecting porticoes on dl its 
sides, especially if it be equilateral like the Bourse or Ex- 
change at Paris, allowing no distinction of flanks or wings 
to make it peripteral. See Plate VI. fig. 3 and 4. 

Angel- Lights, the outer upper lights in a perpendicular 
window, next to the springing. (See Plate A AX VI. fig. 
13 C.) It is probably only a corruption of the word angle- 
lights, as they are nearly triangular. 

Akglo-Saxon Architecture. (See Saxon.) 

Anglo-Norman. (See Norman- Transition; also Dates 
OP Styles.) 

Annulet (Lat. cmnulus^ a ring). This term is applied to 
the small fillets or bands which encircle the lower part 
of the Doric capital immediately above the neck or tra- 
chelium, 

Antjs (probably from the Gr. osrcos, or some other deriva- 
tive of the preposition avrc, for, or opposite to ; it has no 
singular), the pier-formed ends of the walls of a building 
as in the portico of a Greek temple. A portico is said to 
be in antis when columns stand between antae, as in the 
temple of Theseus, supposing the peristyle or surround- 
ing columns removed. Plate V. fig. 1, 2, and 3. 

Ante- Chapel, a small chapel forming the entrance to an- 
other. There are examples at the Cathedral and at 
Merton College, Oxford, and at King's College, C^am- 
bridge, and several others. The ante-chapel to the Lady 
chapel in cathedrals, is generally called the Presbytery, 

Ante-Choir, the part under the rood loft, between the 
doors of the choir, and the outer entrance of the screen, 
forming a sort of lobby. It is also called the Fore- 
Choir. 

Antepixs (Lat. ante^ before, and ^fixus, fixed), upright 
blocks with an ornamented face placed at regular inter- 
vals on a cornice. Antefixse were originally adapted to 
close and hide the lower ends of the joints of the covering 
tiles on the roof of a temple as they appear in the exam- 
ples. Plate IV. fig. 1, 2, and 4 ; and Plate VL fig. 3. 

Apophyge (Gr. avof uyij, a flying off), the lowest part of 
the shaft of an Ionic or Corinthian column, or the highest 
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Glossary. member of its base if the column be considered as a whole. 
^— ^z"**^ The apophyge is the inverted cavetto or concave sweep, 
on the upper edge of which the diminishing shafl rests. 
Plate XIII. fig. 1. 

Apse (Gr. a^i9, Lat. absis, tribuna, concha, Fr. ahside^ 
cheveij rond-poini, Ital. apsides tribuna, Ger. ablauf\ 
the semicircular or polygonal termination to a church. 
These forms were no doubt derived from the concha or 
bema^ in the^ classic and early Christian basilica. Some- 
times the apsis is a simple semicircle; sometimes in 
large churches out of this a smaller semicircle springs, 
as Becket's Crown at Canterbury, and at Sens, Langres, 
and many others abroad. Sometimes the choir finishes 
with three apses — one to the central aisle, and one to 
each side aisle, as at Autun. Sometimes the plan is a 
semicircle, each bay of which has a projecting semi- 
circular apse, as at Beauvais, Troyes, Tours, &c., form- 
ing a sort of cluster of apses. The later choir at Mans 
is encircled by no less than thirteen apses, the centre 
one being double the depth of the others, and forming 
the Lady-chapel. In some small churches of the Nor- 
man period, tliere is a sort of double chancel, one square, 
and the other an apse projecting eastward, each of which 
has its own arch, as at Sutton, East Ham, Darent, 
&c. Large circular and polygonal apses generally have 
radiating chapels within, one of the finest of these is at 
Westminster Abbey. The earliest cathedral at Canter- 
bury had an apse at each end, if we trust the old plan ; 
and there are several others in France and Germany. 
Apses project from the north and south ends of the 
transepts in some few examples abroad, and from the 
east sides of the same, the only example of which in 
England, is at Norwich. 

Apteral (Gr. a priv. and irr^oov, a wing), a temple without 
columns on the flanks or sides. The Greek Ionic temple, 
Plate VI.9 is apteral. 

AR2BOSTTXE (Gr. apaio$,rare or weak, and (rruXosta column), 
a wide intercolumniation. (See Eusttle.) The space 
assigned to this term is four diameters. 

ARiEOSTSTTLE (compounded of aneosiyle and systyle, q, v.) 
This term is used to express the arrangement attendant 
on coupled columns, as in the western front of St Paul's 
Cathedral. Plate XV. fig. 1. 

Arcade (Fr. arcade, areature, Ital. areata, Ger. bogen 
gang), a range of arches, supported either on columns or 
piers, and detached or attached to the wall. The word 
is used in contradistinction to colonnade, which is a range 
of columns carrying level entablatures. The oldest 
known in England is probably that o^ the Old Refectory 
in Westminster Abbey, the work of the Confessor. 
(Plate XXIII. fig. 1.) Examples are given, on this Plate, 
of attached arcades, at St John's, Devizes, fig. 2; 
Canterbury, fig. 3; Amiens, ^^. 6; Notre Dame at 
Paris, fig. 7; Lincoln, Plate XX. figs. 1 and 2 (below 
the lower tier of windows) ; and at Homsey, in Hamp- 
shire, Plate XVIIL fig. 11. Of detached arcades, 
at Wells, Plate XXIII. fig. 4; at Lucca, fig. 8; at 
Pisa, Plate XXI. fig. 2 : of arcades over niers and 
arches, at Lincoln, Plate XX. figs. 1 and 2 : or arcades, 
the openings of which form seats or canopied stalls (which 
is very common in chapter-houses), from Lichfield, Plate 
XXIII. fig. 5. Arcades are found both inside and out- 
side of mediaeval buildings. If under the windows inside 
a building, their columns generally rest on a stone seat 
or bench table. Sometimes the arcades are pierced here 
an d there to form windows. Sometimes the triforium is 
a «eries of arcades, as in parts of Canterbury, Exeter, 
Beverley, St John's Chester, and many other xeamples. 
In detached arcades, a very pleasing effect is oflen pro- 
duced by placing the columns which are attached to the 



wall opposite the centre of the opening instead of im- Glossary, 
mediately behind the front column, so as to alternate 
and enhance the effect of the perspective, as at Wells 
(Plate XXIII. fig. 4). Arcades of interlaced circular 
arches, the intersections of which were at one time 
supposed to have been the origin of the Gothic or 
Pointed arch, are given from St John's, Devizes, Plate 
XXIII. fig. 2, and Canterbury, fig. 8. Many of the 
cathedrals abroad have arcaded fronts, as at Pisa, Plate 
XXI. fig, 2. That at Lucca has a range of double 
arcades, one behind the other (see Plate XXIII. fig. 
8), the columns alternating, as at Wells and Lincoln. 
Arch (Lat. arcus. It. arco, Fr. arc, argean, Ger. bogen). 
The difierent kinds of arches used in mediseval archi- 
tecture, and the methods of finding the centres, &c., 
are given in the art. Stonb-Masonrt, sec. V. Their 
mouldings will be found under the various heads. Saxon 
arches, and early and late Norman, are invariably circu- 
lar. (See Plate XVIIL figs. 1 to 8; Plate XXIII. fig. 
1, &c.) In the Transition style, they began to be pointed. 
(Plate XVIIL figs. 10 and 11.) In the early English 
style, they are sometimes lancet arches, and sometimes 
equilateral (see Stokk-Masonrt, Medlsyal, sec. V. ^g. 
63, 64) ; and in some cases depressed, ib., fig. 65. See 
also the various examples, Plates XVIIL, AlX., XX., 
XX III., XXX., &c. In the Decorated, they are generally 
depressed, but are sometimes ogee; see Plate XXIII. 
fig. 5, and Plate XXX. fig. 7. In the early Perpendi- 
cular, they are still flatter ; and in the late Perpendicular, 
or Tudor, they become four-centred. . See Plate XXX. 
fig. 9. (See also Dates of Styles.) In some cases 
where the springings of arches are above the levels 
of the imposts, and the mouldings are continued per- 
pendicularly downwards, they are called Stilted Abches. 
Arch Buttress. (See Buttress, Flying.) 
Arch Joixts,' to find. (See Stone Masonry, Meducyal, 

figs. 67, 68.) 
ARGHrrRAYE (Gr. apxn* chief, and Lat. trahs, a beam), the 
chief beam, — that part of the entablature which rests im- 
mediately on the heads of the columns, and is surmounted 
by the frieze ; it is also called the epistylium or epistyle. 
Plate XIII. fig. 1 . The moulded enrichment on the sides 
and head of a door or window is called an architrave. 
Archiyolt. This term is a contraction of the Italian ar* 
chitrave voltato. It is applied to the architrave moulding 
on the face of an arch, and following its contour. 
Arris, the sharp edge or angle in which two sides or sur- 
faces meet. 
Armature, the French term for the iron stays by which 
the lead lights are secured in windows. The uprights, 
or Stancheons, are called montans, and the horizontal 
or Saddle Bars, traverses, (See their Articles.) 
Ashlar, spelt Ashelere, and various other ways (probably 
fi-om the Lat. asseUa), squared stones, generally applied 
to those used for facing walls. The Durham Historian, 
180, says— ''Mums exterius de puro lapide, vocato 
aehiler, plane incisso, interius vero de lapide firacto vocato 
roghwall/* *^ Clene hewen " ashler often occurs in medi- 
aeval documents ; this no doubt means tooled or finely 
scappled, in contradistinction to rough axed faces. 
Ashlar Pieces, upright pieces of wood going from tlie 
common rafters to the inner wall plate. (See Roofs, 
Medueval, figs. 35, 36, and 38, at B. 
Astragal (Gr. currpayoAos, a vertebral joint), a convex 
moulding. This term is generally applied to small 
mouldings, and torus to large ones of tne same form. 
See Torus. 
Attic, a low story above an entablature, or above a cornice 
which limits the height of the main part of an elevation. 
The etymology of this term is unsettled ; probably the 
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upper range of columns in a Greek hypsethral temple (see 
Plate IV. fig. 1. ; and see also Archceologia^ vol. xxiii. 
p. 412), was called arctxovor aravxpv^ from having no co- 
nerent wall ; whence the Latin atticum^ and its applica- 
tion to a story superimposing the general ordinance. 
Otherwise such a thing is unknown in Greek architec- 
ture ; but it is very common in botli Roman and Italian 
practice. What is here termed the tholobate in St Peter's 
and St Paul's Cathedrals are generally termed attics. 

Back Choir, a place behind the altar in the principal 
choir, in which there is a small altar standing back to 
back with the former. They are said to be chiefly used 
by the Capuchin Monks, but are very common on the 
Continent — also called Retro Cboir-Presbttert. 

Bahxh!, the French term fox a wall of plain masonry on 
which there is some superstructure* Thus the stone- 
work forming the lower part of a porch which carries the 
wood-framing ; the plain part of a parapet between a 
prcnecting cornice or gutter, and the coping are both 
called bahul. 

Bailbt, said to be a corruption of BaUium by some, and 
by others from the French " bailie," a corruption of 
'*bataille," because there the soldiers were drilled in 
battle array ; the open space between the inner and outer 
lines of a fortification. Sometimes there were more than 
one, as the 'Mnner and outer" Bailey ; the "old" Bailey 
as at London and York, or the **^ upper and nether" 
Baileys as at Colchester. 

Balistraria. (See Loophole.) 

Ball-Flower, a very pretty ornament which came into 
use in the latter part of the 13th century, and was 
great vogue in the early part of the 14th. It 
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resembles, as its name imports, a ball inserted in the cup 
of a flower. It is generally placed in rows at equal 
distances in the hollow of a moulding, frequently by the 
sides of roullions. The earliest known is said to be in 
the west part of Salisbury (Plate 33, fig. 10), where it 
is mixed with the tooth ornament. A long enumeration 
of the places where it occurs is in the Oxford Glossary. 
It seems to have been used more and more frequently, 
till at Gloucester Cathedral, in the south side, it is in pro- 
fusion ; in fact, there it is almost overloaded, and it is by 
no means improbable tliat, from this fact, people got 
tired of it, and so this very elegant little ornament went 
out of fashion. A very curious example with striated 
sides is found at Rouen, and given in Plate XXXIII. 
fig. 13. 

Baluster, a small column or pier supporting the coping in 
a pierced parapet : the parapet itself when pierced is hence 
called a balustrade. 

Baluster Shaft, the shafl dividing a window in Saxon 
architecture, which see. See also EarFs Barton tower. 
(Plate XXXV. fig. 2.) At St Alban's are some of these 
shafts, evidently out of the old Saxon church, which have 
been fixed up with Norman capitals. These shafb in the 
Norman period become regular columns, and were, no 
doubt, the origin of mullions.! 

Band, a sort of flat frieze or fascia running horizontally 
round a tower, or other parts of a building, particularly 
the base tables in perpendicular work. It generally has 
a bold, projecting moulding above and below, and is carved 
sometimes with foliages, but in general with cusped 
circles, or quaterfoils, in which frequently are shields of 
arms. 

Band of a Column (Fr. bague), a series of annulets 
and hollows going round the middle of the shafts of 
columns, and sometimes of the entire pier. (See Plate 
XVIII. fig. 14, Plate XX. fig. 1 and 2.) They are often 
beautifully carved with foliages, hc^ see as from Amiens, 
Plate XXXIII. fig. 15. In severed cathedrals there are 



rings of bronze apparently covering the junction of the Glossary, 
frustra of the coliunns. At Worcester and Westminster 
they appear to have been gilt; they are there more 
properly called Shaft Rings. 

Baptistery, a separate building to contain die font, for 
the purpose of the rite of baptism. The only examples 
of such are at Cranbrook ana at Canterbury — the latter, 
however, though lately used for the purpose. Is supposed 
to have been originally part of the treasury. They 
are more frequent abroad — that at Rome near St John 
Lateran, and those at Florence, Pisa, Pavia, &c., are all 
well-known examples. 

Barbican, an outwork for the defence of a gate or draw- 
bridge ; also a sort of pent-house or construction of 
timber to shelter warders or sentries from arrows or other 
missiles. 

Baroe Board. (See Verge Board.) 

Barttzan, supposed to be derived from the Ger. bariizene, 
Fr. Schaugette^ a small turret, corbelled out at the angle oi^ 
a wall or tower to protect a warder and enable him to 
see around him. They generally are furnished with oylets 
or arrow-slits. 

Base (G. Sirci^o, Lat. spira bcuis, Fr. and It. btue, Ger.fuss^ 
that part of a column on which the shaf^ stands. Early 
bases resemble the classic Atticurges base, i.e. two rounds 
or toruses separated by a hollow or scotia. Plate IX. 
example 3, fig. 1. ; see also Plate XXXIV. base, fig. 1 
and 2, which are examples from the Norman work 
at Peterborough. At this period also they fr^uently are 
decorated with a leaf at each angle, as Plate AX HI. fig. 

9, which is from Rodiester. After this the Norman 
bases generally consist of two or more rounds touch- 
ing each other, each smaller than that beneath it. They 
are often richly carved, as Plate XXIII. fig. 13, which 
is firom Cresset. The early English are also much like 
these ; the hollow, however, is generally more deeply cut, 
and the lower round projects more, see Plate XXIII. fig. 

10, which is from Lincoln. See also Plate XXXIV. 
figs. 5 and 6, bases given by Viollet-le-Duc in a rough 
state previously to the torus being rounded, and fig. 8, 
which is from Rheims. In the decorated period they often 
assume the form as Plate XXIII. fig. 11, which is from 
Beverley Minster, and sometimes they have a consider- 
able number of rounds, as fig. 12 from Tintem Abbey. 
The peculiar curve, fig. 11, then began to overhane, as 
Plate XXXIV. figs. 9 from Monreale and fig. 10 mm 
Dijon, and the bases generally are round or plain. In 
the Perpendicular style they are generally -higher, and 
get more of the character shown, fig. 1 1. They are fre- 
quently composed of two reversed ogees, one over the 
other, and the plinths are generally octagonal on plan, with 
deep chamfers. In piers which have several shafts or 
clustered piers, each shaft has its own base, and they 
generally stand on a sub-base, which some authors call 
a patin and some a footstall. These sometimes have 
mouldings of their own, but are more generally chamfered, 
and have deep perpendicular notches dividing the several 
bases from each other. 

Base Coxtrt (Fr. basse cour^ i.e., the lower court, the first 
open space within the gates of a castle.) It was used for 
exercising cavalry and keeping live stock during a siege. 
(See Enceinte.) 

Base of a Wall or Ground Table, mouldings round a 
building just above ground ; tliey mostly consist of 
similar members to those above described (Base), and 
run round the buttresses, as at Plate XIX. 6g. 1, Plate 
XXV. figs. 11 and 12. The flat band between the 
plinth and upper mouldings is ireauently pannelled and 
carved with shields, as Henry Vll. Chapel at West- 
minster. 
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Glossary. BASEMENT. A basement story is a story in any building 
placed below the level of the ground on the outside of 
and about the building. Basement applied specially, as 
architects apply it, means the compartment in the eleva- 
tion of a building upon which any columnar pilastraded 
or arcaded ordinance may rest ; as in the Strand front ot 
Somerset House, of which the basement begins ai the 
level of the floor of the vestibule, being about that of the 
street pavement, and extends upwards to half the height 
of the adjoining building east and west. 

Basilica (Gr. jSoo-cXucj}, i.e^ the royal house), a term given 
by tlie Greeks and Romans to the public buildings 
devoted to judicial purposes. In later times, almost 
every wealthy man of note had one of these buildings 
attached to his house, for the assembly of clients, some- 
thing after the manner of the Justice Hall in a country 
mansion of the olden-time. The buildings generally 
consisted of a nave, voos, or navis, from a fancied resem- 
blance to a ship, and from its symbolism with the ark. 
Two aisles, ^^0X09, ala, or circuitut (see Aisle). A 
circular recess at the end. Prffjua, tribunal, where the seat 
of the judge, and afterwards the altar stood. Two raised 
pulpits, ambones, one for reading the gospel from, the 
other the epistle. A sort of inner lobby, ta-oyapOffij an 
outer portico, vapOrji. In firont there was oflen a sort of 
cloister, atriuitty in which, in hot countries, there was fre- 
quently a fountain. The aisles of the basilica were gene- 
rally separated fh)m the nave by a range of columns sup- 
porting an arcade, over which are windows, and forming a 
cieresiary (which see). The roofs appear to have been 
open timbered, with the exception of the basilica of Con- 
stantine and Maxentius, which was vaulted and coffered. 
Some are said to have had galleries, inr^xiio. St Agnese, 
without the walls at Rome, is a well known example. 
In the times of the persecution of the early Christians, 
we are told they assembled in these halls by the conniv- 
ance of their owners for the purpose ot worship, and this 
form or plan being found very convenient for such pur- 
pose, was continued in the churches built by Constantine 
and others after the general conversion. 

Batemeitt Lights, the lights in the upper part of a per- 
pendicular window, abated, or only half the width of 
those below. (See Plate XXXVI. fig. 13, B.) 

Batter (Fr. battre, to beat). Building over in projecting 
courses, like inverted steps, is termed battering, gather- 
ing, or corbelling over. The term is oflen applied to the 
converse operation of throwing back, as in a revetement 
or retaining wall. 

Battlement (Fr. bretesse, Ital. merio, Ger. zintie\ a 
parapet with a series of notches in it, from which arrows 
might be shot, or other instruments of defence hurled on 
besiegers. The raised portions are called merhns, and 
the notches embrasureg^ or crenels. The former were 
intended to cover the soldier while discharging his wea- 
pon through the latter. Their use is of great antiquity; 
they are found in the sculptures of Nineveh, in the 
tombs of Egypt, and on the famous Franpois vase, where 
there is a delineation of the Siege of Troy. In ecclesias- 
tical architecture, the early battlements have small 
shallow embrasures at some distance apart. In the 
Decorated period th^y are closer together, and deeper, 
and the mouldings on the top of the merlon and bottom 
of the embrasure, richer. During this period, and the 
eariier part of the Perpendicular, the sides or cheeks 
of the embrasures are perfectly square and plain. (See 
those Plate XXII. fig. 1.) In later times the mould- 
ings were continued round the sides, as well as at top 
and bottom, mitring at the angles, as over the doorway 
of Magdalene College, Oxford. (Plate XXX. fig. 9.) 
The battlements of the Decorated and later periods are 



often richly ornamented by panelling, as in the last ex- Glonary. 
ample. (See also the the west front of York Catliedral, 
Plate XXI.) In castellated work, the merlons are often 
pierced by narrow arrow slits. (See Otlet.) In South 
Italy some battlements are found strongly resembling 
those of old Rome and Pompeii ; Plate XXIV. fig. 4, 
is from a campanile at Brescia. It is a curious fact, that 
in foreign ecclesiastical architecture the parapets are 
very rarely embattled. 

Bat (Fr. travie, Ital. compartimento^ Ger. abtheilung), 
any division or compartment of an arcade roof, &c. Thus 
each space from pillar to pillar, as in Lincoln Cathedral 
(Plate XX. figs. 1 and 2), is called a bay, or severey. 

Bat Window, any window projecting outwards from the 
wall of a building, either square or polygonal, on plan, 
and commencing from the ground. If they are carried 
on projecting corbels, they are called Oriel windows. 
Their use seems to have been confined to the later 
periods. In the Tudor and Elizabethan styles, they are 
oflen semicircular on plan, in which case some think it 
more correct to call them Bow Windows. For those 
in Mediaeval Halls, see Dais, Hall. 

Bead, a small cylindrical moulding of frequent use. Plate 
VI. 

Bed- Mould, the congeries of mouldings which is under the 
projecting part of almost every cornice, and of which in- 
deed it is a part. Plate XHI. fig. I. 

Belfry (Fr. docker, if applied to a church, beffrou if 
to the tower of a hotel de viUe, Ital. campanile, Ger. 
glockenihunn), properly speaking, a detached tower or 
campanile containing bells, as at Evesham, but more 
generally applied to the ringing room or loft of the 
tower of a church. (See Tower.) 

Bell of a capital. In early English and Decorated work, 
immediately above the necking is a deep, hollow curve. 
(See Plate XXXIV. figs. 4 to II.) This is called the 
bell of a capital, and is often enriched with foliagesr 
(See Plates XXVI. XXVII.) 

Bell- Cot, Bell-Gable, or Bell- Turret. The place 
where one or more bells are hung in chapels, or small 
churches which have no towers. The simplest form is 
(Plate XXIV. fig. I), fi-om Froissy, and of the Norman 
period. Double bell-cots are given (figs. 14 and 16), 
from Northboro, and Coxwell ; a very common form in 
France and Switzerland is given (Plate XXIV. fig. 2), 
which is for three bells. In these countries also they 
are frequently of wood, as ib. fig. 3, and attached to the 
ridge. Those which stand on the gable, dividing the 
nave from the chancel, are generally called Sanotus 
Bells. A very curious and it is believed unique ex- 
ample firom Cleve Abbey, juts out firom the wall. (Plate 
XXIII. fig. 16.) In later times bell turrets were much 
ornamented (Plate XXIV. figs. 8 and 11), the latter of 
which is from the Sainte Chapelle at Paris ; these are 
often called Fl^che. 

Bema (Gr. jSQ/Att ; Lat. tribunal), the semicircular recess 
or hexedra where the judges sat, and in afler times the altar 
was placed. (See Apsis, Basilica, Chancel.) It gene- 
rally is roofed with a half dome or concha* The seats, 
Opovoi, of the priests were against the wall looking into 
the body of the church, that of the bishop being in the 
centre. The bema is generally ascended by steps, and 
railed off by Cangelli. 

Bench Table, the stone seat which runs round the 
walls of large churches, and sometimes round the piers, 
and very generally in the porches. 

Billet (Fr. billette), a species of ornamented moulding 
much used in Norman, and sometimes in early English 
work, like short pieces of stick cut off and arranged 
alternately. (See Plate XXXIII. fig. 6.) 
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Glossary. Bezant^e, a name given to an ornamented moulding 
,^m^^..mm^ much used in the Norman period, resembling pieces of 
money (bezants, coins struck in Byzantium.) (See 
Plate XXXIII. fig. 1, from Canterbury.) 

Black and White Houses. (See Post and Pan 
Work, Timber Houses. 

Blocking- COURSE, a deep but slightly projecting course in 
an elevation, to act as cornice to an arcade, or to separate 
a basement from a superior story. (See String- Course.) 

Bond Stones. (See Perpent Stones. Through 
Stones.) 

Boss (Fr. agraffe, clef de voute^ Ital. bozzoy Ger. bucket), 
an ornament generally carved, forming the key-stone at 
the intersection of the ribs of a groined vault. Early 
Norman vaults have no bosses. A later example is given 
(Plate XXV. fig. l.)from Saint Sepulchre's, Cambridge. 
The carving is generally foliage, and resembles that of 
the period in capitals, &c. Fig. 2 is early English, from 
Stone Church in Kent ; 3, is Decorated, from the Sainte 
Chapelle; 5, is Perpendicular, from York ; and 6, Tudor, 
firom Windsor. (See Foliage.) Sometimes they have 
human heads, as fig. 4, from Notre Dame at Paris, and 
sometimes grotesque figures. In later vaulting there are 
bosses at every intersection. 

BowTELL, supposed to be derived fi^m Sottle, the medi- 
aeval term for a round moulding or torus. When it follows 
a curve, as round a bench end, it is called a roting bow- 
tell. 

Brace Mould, two ressaunts or ogees united together 
like a brace in printing, sometimes with a small bead 
between them. 

Bracket (Fr. corbeau, ctd-delampe, Ital. menaola. 
Germ, tragstein), a projecting ornament carrying a 
cornice, as Plate XXV. fig. 7, firom Pietraperzia, and 
fig. 8 from Mas d'Agen, or at the foot of a niche to 
support a statue, as on the firont of Westminister Hall. 
(Plate XX H. figs. 1 and 9). Those which support vaulting 
shafts or cross springers of a roof are more generally 
called Corbels. 

Brathshing or Brandishing, variously spelled ; no doubt 
from the French breteche^ a sort of crest ridge on a 
parapet, or species of embattlement. The term, however, 
is generally employed to describe the range of flowers 
which form the crest of so many parapets in the Tudor 
period. (See Plate XXXIII. fig. 20, which is from Hull.) 

Broach, (from broche^ a spit), now used to designate a par- 
ticular form of spire, the sides of which, with the angles 
of the tower, finish with a sort of haunching, as that in 
Plate HXXW. figs. 4 and 5. (See Spire.) 

Buttress, anciently written Botraese, or Boterasse (Ital. 
punteUo, Fr. cotUreforty 4p^on), masonry projecting 
from a wall and intended to strengthen the same against 
the thrust of a roof or vault. Buttresses are no doubt 
derived from the classic pilasters which serve to strengthen 
walls where there is a pressure of a girder or roof timber. 
In very early work they have little projection, and in 
fact are " strip- pilasters." In Norman work they are 
wider, with very little projection, aud generally stop 
under a cornice or corbel table. Early English buttresses 
project considerably, sometimes with deep sloping weath- 
erings in several stages, and sometimes with gabled heads, 
as at Beverley. (Plate XIX. fig I.) Sometimes they are 
chamfered, and sometimes the angles have jamb shafts, as 
in the last example. In the Decorated period they 
became richly panelled in stages, and oflen finish 
with niches and statues, and elegantly carved and 
crocketted gablets, as at York. (Plate XXI.) Sometimes 
they have pinnacles as at the Hotel de la Tremouille. 
(Plate XXV, fig. 13.) A curious example -where a but- 
tress finishes with two little shafts from Beauvais is given 



in fig. 9. In the Perpendicular period the weatherings Glossary. 
became waved, and they frequently terminate with niches 
and pinnacles (Plate XXV. figs. 11 and 12), the last of 
which is from Evesham. Buttresses at an angle of 45° 
with the comer of wall are oflen found in the later pe- 
riods; it is supposed they are what in some old MSS. 
are called French botrasses. A very extraordinary but- 
tress against the west wall of the Tower at Brasted is 
given in. fig. 10. * 

Buttress, flying (Fr. arc-boutant, Ital. punlello arcuato. 
Germ, strebe-pfeiber), a detached buttress, or pier of 
masonry at some distance from a wall, and connected 
therewith by an arch, or portion of an arch, so as to dis- 
charge the thrust of a roof or vault on some strong 
point. Plate XXII. fig. 3, shows one firom Westminster 
Hall. They are generally crowned by massive pinnacles, 
the weight of which tends to render them more stable 
and less likely to be overthrown, as in Plate XXXIX. 
fig. 4, from Amiens. They are sometimes in stages one 
over the other, as ib. fig. 5, from Clermont Ferrand, and 
on the Continent frequently have piers one before the 
other, to which a second set of arches spring, as at Nar- 
bonne and at Amiens, as above, where they form a sort 
of double flying buttress, one springing out of the other, 
and which by the French architects is called arc- 
boutant a double volie. In those cases, as at fig. 5, 
where there are no pinnacles, the external buttress, or 
abutment of the Hying buttress, has usually more projec* 
tion and general solidity, the more effectually to coun- 
teract the thrust. In the latter styles, the flying buttress 
is frequently ornamented with piered tracery, as at 
Amiens, as above, and at Henry tne Seventh's Chapel at 
Westminster, which has a very pleasing effect, and when 
judiciously proportioned is equally strong. 

Buttress Shafts, slender columns at the angle of but- 
tresses, chiefly used in the early English period. (See 
those in Plate XIX. fig. 1.) 

Cabling. The flutes of columns are said to be cabled when 
they are partly occupied by solid convex masses, or ap- 
pear to be refilled with cylinders afler they had been 
formed. 

Campanile, a name given in Italy to the bell tower 
of a town hall or church. In that country this is almost 
always detached from the latter. (See Belfrt.) They 
are generally tall square towers, finishing with a battle- 
ment, as Plate XaIV. fig. 4, which is from Brescia. 
When of more importance the battlement is generally 
carried on large projecting corbels, from which a short 
second stage, or upper tower, rises as at Sienna (ib. fig. 6), 
and sometimes they are finished with a sort of spire, 
as at S. Marco, at Venice. The lower part is usually 
a plain, square tower like a shaft. 

Canopy, the upper part or cover of a niche, or the pro- 
jecting ornament over an altar or seat. (See Plate XXII. 
figs. Sand 11.) Early English canopies are generally 
simple, with trefbiled or cinquefoiled heads ; but in the 
later styles they are very rich, and divided its com- 
partments with pendants, knots, pinnacles, &;c. See as 
above. The word is supposed to be derived from 
conopauWy the gauze covering over a bed to keep off the 
gnats (kowq)^), a mosquito curtain. The triangular 
Arrangement over an early English and Decorated doorway 
is often called a canopy. (Plate XIX. fig. 1, Plate XXX. 
figs. 5 and 8.) These triangular canopies in the north of 
Italy are peculiar. Those in England are generally part 
of the arrangement of the arch mouldings of the door, 
and form, as it were, the hood moulds to .them, as at 
York. (Plate XXI. fig. 1 — given on a larger scale, Plate 
XXX. fig. 5.) The former are above and independent 
of the door mouldings, and frequently support an arch 
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Olossary. with a tympanum, above which is a triangular canopy, 
as in the Duomo at Florence (ib. fig. 8). Sometimes the 
canopy and arch project from the wall, and are carried 
on small jamb shafts, as at San Pietro Martire at Verona. 
An extremely curious canopy, being a sort of horse-shoe 
arch, surmounting and breaking into a circular arch, from 
Tourny is given (Plate XXX. fig. 6). (See Doorway, 
Label Mould, &c.) Similar canopies are oflen over win- 
dows, as at York Minster, over the great west window, and 
lower tiers in the towers. These are triangular — while 
the upper windows in the towers have ogee canopies. 
(See Plate XXI. fig. 1.) (See also Tabebnacle.) 

Cant. When the comer of a square is cut off octagonally, 
it is said to be coated. Thus a bay window, with oc- 
tagonal corners, is called a canted bay, (See Bay 
Window.) 

Capital (Gr. Kc^oXmoi', Lat. capitulum^ Ital. capiteUo^ 
Sp. chapilely Ger. knauffy kapitelj Fr. chapiteau), the 
upper part of a column, pilaster, pier, &c. The earliest 
known examples in England are probably those at Repton 
(Plate XXVI. fig. 1), which are formed of a plain abacus, 
with some small notches on it, and a deep, wide chamfer 
below. Plate XXXIV. fig. 1, also shows a very common 
early section. The more usual form of what is generally 
considered to be Saxon is that from the refectory built by 
Edward the Confessor at Westminister. (Plate XXIIL 
fig. 1.) This form is also very much used in early Nor- 
man work, and looks as if a capital of the Tuscan order 
(Plate XIII. fig. 2) had been taken from some old Roman 
building ; and, being found too large, a piece had been 
cut off perpendicularly fit)m each of the four sides. 
These are commonly called cuihion capUaU, This form 
prevuled for a long time, and by degrees began to be 
decorated with carving. A curious instance is given from 
Canterbury (Plate XXlII. fig. 3), where two of these 
capitals are placed side by side— -one plain the other 
ornamented. (See also Plate XXVI. fig. 8, from Dur- 
ham, and fig. 9, from Sutton, in Kent.) By degrees the 
Norman capital became subdivided into reversed trun- 
cated cones, also with the sides cut off, as at fig. 10, 
firom Build was, and fig. 11, from Sutton. These last 
have been compared to strawberry pottles set side by 
side, and afterwards cut off at the lips. During this 
time, and through the transition, there was always some 
attempt to imitate the Roman Corinthian capital. Some 
of the early attempts are rather rude, as firom St Nicholas, 
Caen, fig. 2, from Buildwas, fig. 4. Some, however, show 
much talent in carving, fig. 13, firom Mantes, and 
fig. 14, from Blois. It is said when animals are 
used in the ornamentation the work is late, but they 
are common at Rochester, and an example is given 
firom Alton (fig. 7)* 

In the Transition wc sometimes find the round abacus. 
(See fig. 3, from Folkestone*) This is very usual in 
later styles in England, but was rarely used abroad, as 
is described under Abacus. The plain early English 
capitals generally consist of an overhanging moulding 
called a lip mould, which forms the abacus ; under these 
are a series of deep under-cut hollows, evidently in- 
tended to throw sharp shadows, which alternate with 
various projecting mouldings, below which there is ge- 
nerally a deep, long hollow called the Bell, under 
which is the necking. (See Plate XXXIV. figs. 4 to 8.) 
Where the capitals are ornamented the foliages are 
carved on the hollow of the bell. The early ones, as 
at Salisbury (Plate XXVII. fig. 1), seem to be suggested 
by the ancient Roman Corinthian ; later, the foliage 
flows more fi'eely round the bell, as figs. 2 and 3, from 
Stone, Kent. The early English foliage is of a very stiff, 
crisp character, and is supposed by M. VioUet-le-Duc to 



be derived firom the young shoots of the large fern. (See GlosMry. 
FoLJAGB.) On the Continent the capitals are much the 
same, except the bell is generally much longer. (See 
Plate XXVII. fig. 5, firom Freiburg, and fig. 6, from 
Paris, the Sainte Chapelle.) In fact, the nearer central 
Italy, the more the capitals resemble the Corinthian, as 
might be expected, the architects continually seeing so 
many ruined ancient examples. 

In the Decorated style, the mouldings are thiefly an 
alternation of hollows and rounds, but not so deeply 
undercut as in the preceding style. The foliages are 
more natural, and appear as if wrapped round the bells 
instead of springing out of them. They are in many 
instances absolute copies of our own plants, as the oak, 
vine, ivy, white thorn, and are carved so well as to prove 
the original plants to have served for models. Of course, 
the stiff conventional forms of the early English were 
abandoned. 

Perpendicular caps are mostly plain — ^the mouldings 
are ogees, souares, and hollows, but not deeply under- 
cut. The bells are shorter. The foliage often consists ot 
single leaves in each division of the bell. Where it 
goes round the cap it is generally of a stiff character, as 
at Stoke in Dorsetshire. (Plate XXVII. fig. 11.) 
See also the foliage in the Corbel (Plate XXII. fig. 12), 
and that on the Crocket. (Plate XXVIII. fig. 18.) 
Sometimes a strong, main stalk passes up and down, 
carrying vine leaves and grapes, as Plate XXXIII. fig, 
22, from Westminster. These are called Vinettes. 
(See also Abacus, Folulge.) 

Cabbels (Lat. caroia\ small chapels or oratories inclosed 
by screens ; also sometimes tne rails of the screens 
themselves. It was supposed, some little time back, that 
the scrolls, on which inscriptions of texts, &c., are formed, 
were called carrels, but this seems a mistake. 

Cabtatides. Human female figures used as piers, columns, 
or supports, are called CarycUides s and, adjectively, 
CarycUie is applied to the human figure generally, when 
used in the manner of Caryatides. Plate VII. figs. 4 
and 6. 

Casement, a deep, hoUow moulding, as Plate XXXII. 
figs. 21, 24, &c They are sometimes filled with foliage (as 
Plate XXXIII. fig. 22), where they are caUed VnnsiTES. 
Also the firame which holds the lead lights of a quarry 
glazed window. 

Cassoon (Ital.), a deep panel or coffer in a soffit or ceiling. 
This term is often written, after the French, caisson, 
whereas we derive it directly firom the Italian cassone^ 
the augmentative of cctssct^ a chest or coffer. 

Castle. The mediaeval castle consisted of walls with 
flanking towebs or tdbbets, in which were one or more 
GATE houses, a BASE couBT, an ENCEINTE — buildings for 
residence of the family retainers and soldiers, sometimes 
an inner court— -a keep, donjon, or citadel, chimel, places 
for state prisoners, &c. These are all treated of under 
their separate heads. 

Cathedbal (Ital. duomo^ caUedrale^ Fr. cathSdrtUe, 
Ger. domkirche), the principal church where the bishop 
has his seat (cathedra) as diocesan. It is so called in 
contradistinction to abbey or priory, which may be 
churches of equal or greater size or importance, but are 
not presided over by a bishop. It is said no town can 
correctly be called a city unless there be a cathedral 
therein. 

Cathetus (Gr. Katfcros, a perpendicular line). The eye of 
the volute is so termed because its position is determined, 
in an Ionic or voluted capital, by a line let down from the 
point in which the volute generates. 

Cauligxtlus (Lat. a stalk or stem), the inner scrolls or ten- 
drils of the Corinthian capital are called CauUculu It is 
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Glosiary. not uncommon, however, to apply this term to the larger 
scrolls or volutes of the same also. Plate Xfll. fig. 1. 

Cavetto (ItaU cavarej to dig out), a moulding whose form 
is a simple concave, and impending. Plate YIII. 

Ceiling (Ital. soffito^ soppalco, Fr. pltfond, lambri$\ that 
covering of a room which hides the joists of the floor 
above, or the rafters of the roof. Most churches have 
either open roofs, or are groined in stone. At Feter- 
boro' and St Albans, there are very old flat ceilings of 
boards curiously painted. In later times, the boarded 
ceilings, and in fact some of those of plaster, have 
moulded ribs locked with bosses at the intersection, and 
are sometimes elaborately carved. In the cloisters at 
Lincoln, the side aisles of the choir at Winchester, the 
church at Warmington, and several otlier places, there are 
ceilings formed of oak ribs, filled in at the spandrels with 
narrow, thin pieces of board, in exact imitation of stone 
groining. In the Elizabethan and subsequent periods, 
the ceilings are enriched with most elaborate ornaments 
in stucco. (See Groin, Vaultino.) 

Celi^ small monastic houses, generally in the country, 
belonging to large conventual buildings, and intended for 
change of air for the monks, as well as places to reside 
in to look after the lands, vassals, &c. Thus Tynemouth 
was a cell to St Albans ; Ashwell, Herts, to Westminster 
Abbey. (See Grange.) Also the small sleeping apart- 
ments of the monks ; also a small apartment used by the 
anchorite or hermit. 

Chahfeb, Champfer, or Chauhfer. When the edge 
or arris of any work is cut off at an angle of 46% in a 
small degree it is said to be chamfered ; if to a lar^e 
scale, it is said to be a canted comer. (See Cant.) The 
chamfer is much used in mediseval work, and is some- 
times plain (as Plate XXVIII. fig. 4), sometimes hol- 
lowed out (as figs. 1, 2), and sometimes moulded (as 

fig. 5). 

Chamfer Stop. Chamfers sometimes simply die on to the 
arris by a plane face; more commonly they are first stopped 
by some ornament, as by a bead (Plate XXVIII. 
fig. ] , fig. 2) ; they are sometimes terminated by trefoils 
or cinquefoils, double or single (as figs. 2, 3, and 4), and 
in general form very pleasing features in mediceval ajrchi- 
tecture. 

Chancel, a place separated firom the rest of a church by 
a screen (cancellus). The word is now generally used to 
signify the choir of a small church. (See Choir.) 

Chancel double. (See art. Apse in fine.) 

Chantrt (Lat. cantuarici^ Fr. chatUreriB)^ small chapels 
generally built out from churches. They mostly contain 
a founder's tomb, and are often endowed places where 
masses might be said for his soul. The officiator, or 
mass priest, being oflen unconnected with the parodiial 
clergy, the chantry has generally an entrance firom the 
outside. 

Chapel (Lat. and Ital. eapellOf Fr. chapelle, Ger. 
kapeUe\ a small, detached building, used as a substitute 
for a church in a large parish ; an apartment in any 
large building, a palace, a nobleman's house, an hospitd 
or prison, used for public worship ; or an attached build- 
ing running out of, and forming part of, a large church. 
The first may be o^ any design, preserving ecclesiastical 
features ; the second is generally made to harmonise 
with the main building. The third are generally dedi- 
cated to diflerent saints, having their own altar, piscina, 
&c., and are screened ofi* from the body of the building. 
(See Ladt Chapel.) 

Chapiter, the old English name for a Capital. The word 
chapitrell seems a diminution of this. 

Chapter House (Lat. capitoliumy Ital. capitoloy Fr. 
chapitre^ Germ. hapitel'haus\ the chamber in which the 



chapter or heads of the monastic bodies assembled to Glossary . 
transact business. They are of various forms ; some are 
oblong apartments, as Canterbury, Exeter, Chester, 
Gloucester, &c. ; some octagonal, as Salisbury, West- 
minster, Wells, York, &c. That at Lincoln has ten 
sides, and that at Worcester is circular ; most are groined 
over, and some, as Salisbury, Wells, Lincoln, Worcester, 
&c., depend on a single slight vaulting shaft for the sup- 
port of the massive vaulting. 

Charnel House (Med. Lat. eamarium^ Fr. osswiire)^ 
a place tor depositing the bones which might be thrown 
up in digging graves. Sometimes, as at Gloucester, 
Hythe, and Ripon, it was a portion of the crypt; 
sometimes^ as at Old St Paul's and Worcester, it was a 
separate building in the churchyard (both these last are 
now destroyed); sometimes chantry chapels were attached 
to these buildings. M. Viollet-le-Duc has given two 
very curious examples of ossuaires, one from Fleurance, 
the other from Faouet. 

Choir (Lat. chorutf Ital. coro, Fr. chceur, Ger. chor, 
Old English qture, quere), that part of a church or 
monastery where the breviary services or " horae " are 
chanted. In the early Christian church, it was simply 
part of the nave in front of the altar inclosed by a low 
wall or podium^ and forming in effect the seating, or a 
sort of open pew, where the singers sat In later times, 
it was inclosed by rails or eanceUiy which were shut 
against the laity as soon as these services commenced. 
Hence it is frequently called the Chancel, which see. 
The choirs abroad are oflen in side chapels, and most large 
churches have a summer and a winter choir, used alter- 
nately according to the time of the year. In England, 
the eastern limb of a small church is called the Chancel, 
and that of a large church is called a Choir or Quire ; 
the proper name^ however, for this is the Tribune or 
BemtL The semicircular end of the early Christian 
church became more and more elongated till it grew to 
be a long limb of the building, terminated by a circular 
apse or chevet ; by degrees this became octagonal, and 
then square, the building being made larger as the 
number of monks increiwed. It was afterwards still 
further lengthened by the Lady Chapel, and its vestibule 
the Presbytery. Choirs of cathedrals generally are in* 
closed by screen work, and have a throne for the bishop, 
stalls at the west end fi)r the dean and precentor, and on 
each side for as many of the prebends, canons, &&, as the 
chapter is composed of. There are also seats on each 
side for the singers, who are often, but improperly, called 
the choir, a pulpit, litany desk, &c The organ at one 
time stood over the entrance screen, but is now generally 
placed on one side. (See Apse, Back Choir, Babilica, 
Bema, Ladt Chapel, Tribune.) 

Choir Screen. (See Rood.) 

Chronologt of Mediaeval Architecture. (See the various 
Styles separately, and see Dates of Sttle). 

CiBORiUH (Fr. Bakktquin^ Ital. Baldacchino\ a taber- 
nacle or vaulted canopy supported on shafts standing 
over the high altar. Gervase of Canterbury calls every 
bay of tlie quire there a ciborium, probably because the 
groining rose and formetl a sort of canopy over each bay. 

CiNQUEFOiLy a sinking or perforation like a flower of five 
points or leavesi as a quaterfoil is of four. They some- 
times are in a circle, as in the lower windows at 
Lincoln (Plate XX. fig. 2), and sometimes form the 
cusping of a head, as Plate XXVIII. fig. 3. It is said 
that in foreign achitecture the cinquefoil is rarely found. 

(See QuATRE*FOIL.) 

Clearstory, Clerestory (It chiaro piano, Fr. dairevoie, 
claire Stage, Ger. lichtgaden). When the middle o? the 
nave of a church rises above the aisles and is pierced with 
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Glossary. window?, the upper story is thus called. Sometimes these 
windows are very small^ being mere quatrefoils, or spheri* 
cal triangles. In large buildings, however, they are impor- 
tant objects, both for beauty and utility. (See the Upper 
Ranges of Windows, Plate XX. figs. 1 and 2.) The 
window of the clerestories of Nornuin work, even in large 
churches, are of less importance than in the later styles. 
In early English they became larger; and in the Decorated 
are more important still, being lengthened as the triforium 
diminishes. In Perpendicular work the latter often dis- 
appears altogether, and in many later churches, as at 
Taunton, the clerestories are close ranges of windows. 

Cleithsal {vide Cleithros). This is used of a covered 
Greek temple, in contradistinction to HypaUhral^ which 
designates one that is uncovered. 

Cleithros (Gr. icXcitfpos, an inclosed or shut-up place). A 
temple whose roof completely covers or incloses it is a 
Cleithros. (Plate V. figs. 1, 2, 3 ; and Plate VI. figs. 1, 
2, 3, and 4.) 

Cloister (Lat. dauUrum^ Ital. chiostrOy Fr. eloUrey 
Ger. klogter), an inclosed square, like the atrium of a 
Roman house, with a walk or ambulatory round, shel- 
tered by a roof generally groined, and by tracery win- 
dows, which were more or less glazed. Cloisters are 
intended for exercise in bad weather, and for reading 
and meditation in the shade when the season is hot. 
There are generally stone benches round, and a lavatory. 
The tracery is also particularly beautiful. At Gloucester 
the entire cloister is glazed. In other places the upper 
part of the tracery seems to have been thus proctected, 
if we may judg^ by the glass grooves ; in others onlv 
that side most exposed to the weather has been glazed. 
At Wells there have been shutters to keep out the 
weather. The usual place for the cloister is the south 
nde of the nave* At Canterbury, Gloucester, and 
Chester, however, they are on the north. In many 
cathedrals, where there was an establishment of monks 
as well as the secular clergy, there have been two cloisters, 
as at Canterbury, Westminster, &c* At Old St Paul's, 
London; St Stephen's, Westminster; and at the Chetham 
College, Manchester, the cloisters are in two storiesi 
one above the other. 

Close, the precinct of a cathedral or abbey. Sometimes 
the walls are traceable, but now generally the boundary 
is unindosed, and only known by tradition. 

Coffer, a deep panel in a ceiling. 

Column (I^. eotumna), a tapering cylindrical mass, placed 
verticaJly on a level stylobate, in some cases with a 
spreading congeries of mouldings called a base, and hav- 
ing always at its upper and smaller end a dilating mass 
called a capital. Columns are either insulated or attached. 
They are said to be attached or encaged when they form 
part of a wall, projecting one half or more, but not the 
whole of their substance. Plate VI. fig. I exhibits in- 
sulated, and fig. 2 attached columns. (See also Plate 
XIII. fig. 1.) 

CoNSOL or Console, a bracket or truss, generally with 
scrolls or volutes, at the two ends, of unequal size and 
contrasted, but connected by a flowing line from the back 
of the upper one to the inner convolving fiu:e of the 
lower. 

Cqping (Ital. eopefiOf corona; Fr. cke^ieron), the cap- 
ping (fh)m whence the name is probably derived) or 
covering of a wall. This is of stone weathered to throw 
off the wet In Norman times, as fiur as can be judsed 
from the little there b lefi, it was generally plain and Sal, 
and projected over the wsil with a throating to form a 
drip. Afterwards it assumed a torus or bowtell at the 
top, and became deeper, and in the Decorated period there 
were generally several sets-off. The copings in the late 



Perpendicular period assumed something of the wavy OloMary. 
section of the buttress caps (Plate XXV. fig. 12), and ' 
mitred round the sides of the embrasure, as well as the top 
and bottom. (See Embbasubb, Meblon, Battlement.) 

Coping, the covering course or cornice of a wall or parapet. 
The term coping is generally applied to a plain, slightly 
projected, covering course, and cornice to a larger moulded 
coping. 

CotoEL {from the low Latin corbeyus^ a basket. It men- 
soia, Fr. corbeau, cul-de-lampe, Ger. kragsUin), the 
name in mediaeval architecture for a piece of stone jutting 
out of a wall to carry any superincumbent weight. A 
piece of timber projecting in the same way was anciently 
called a tassel or a bragger. Thus tlie carved orna- 
ments from which the vaulting shafts spring at Lincoln 
(Plate XX. figs. 1 and 2) are corbels. Norman corbels 
are generally plain, as at Buildwas. TPlate XXVIII. fig. 
6.) In the early English period they are sometimes 
elaborately carved, as at Lincoln above cited, and some- 
times more simply so, as at Stone. (Plate XXVIII. fig. 7.) 
They sometimes assume a fantastic form, ending with a 
point apparently growing into the wall, or forming a 
knot, as at Winchester (fig. 8), and often are supported 
by angels and other figures. In the later periods the 
foliage or ornaments resemble those in the capitals, and 
are more natural or more conventional, as the case may 
be. (See Capital, Foliage.) 

CoBBEL Table, a projecting cornice or parapet, supported 
by a range of corbels a short distance apart, which 
carry a moulding, above which is a plain piece of 
projecting wall forming a parapet, and is covered by a 
copinff. Sometimes small arches are thrown across from 
corbel to corbel to carry the projection. (See Plate 
XXXIILfig.il.) 

CosBis Steps, a Scottish term for the steps formed up 
the sides of a gable by breaking the coping into short 
horizontal pieces. 

Cornice, the projection at the top of a wall finished by 
a blocking course, so common in classic architecture, b 
never found in mediaeval work, though the upper mould- 
ing is often called so. In Norman times, the wall finish- 
ed with a Corbel Table, which carried a portion of 
plain projecting work, which was finished by a coping, and 
the whole formed a Parapet. In early English times 
the parapet was much the same, but the work was exe- 
cutea in a much better way, especially the small arches 
connecting the corbels. A curious example is given (Plate 
XXXIII. fig. 1 1 ) from Oadby in Leicestershire. In the 
Decorated period the corbel table was nearly abandoned, 
and a large hollow, with one or two subordinate mould- 
ings substituted ; this was sometimes filled with the ball 
flowers, and sometimes with running foliages. In the 
Perpendicular style, the parapet frequently did not 
project beyond the wall-line below ; the moulding then 
became a string (though often improperly called a 
cornice), and was ornamented by quatrefoil or small 
rosettes set at equal intervals (see Plate XX IL fig. 1) 
immediately under the battlements. 

Corona {vide Cornice). This term b applied to the deep 
vertical face of the projected part of the cornice between 
the bed-mould and the covering mouldings. (Plate XIIL 
fig. 1.) 

Cove — Coving. The moulding called the cavetto,— or 
the Scotia inverted, — on a large scale, and not as one of 
a vAere moulding in the composition of a cornice, is called 
a cove or a coving. 

Crenelle, a word generally considered to mean the em- 
brasures of a battlement, but latterly proved to apply to 
the whole system of defence by battlements. In medi- 
seval times no one could ^ crenellated a building with- 
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Oioisary. out special license from his supreme lord. (See Battle- 

XEMT, EmBRABUBB, MeBLON.) 

Cresting; an ornamental finbh in the wall or ridge of 
a building, which is common on the Continent, but only 
one early example of the latter is known in England ; this 
is at Exeter cathedral, the ridge of which is ornamented 
with a range of small fleur-de-lys in lead. Walls are often 
finished here .by perforated parapets, but no example of 
a regular crest is known. At Venice, however, they are 
common ; Plate XXIV. fig. 1 7, shows that at the Ducal 
Palace. Of crest ridges, our space only permits us to 
give these examples, 12 and 13, which stand up firom 
the ridge, and 16, which lies on the slope of the roof 
under the ridge. 

Crocket (It. wunneUo, Fr. crochet^ crosse^ Ger. kaklein 
knMen^ anciently called crockytts, and sometimes called 
creepers), an ornament running up the sides of gablets, 
hood-moulds, pinnacles, spires ; generally a winding stem 
like a creeping plant, with flowers or leaves projecting 
at intervals, ana terminliting in a finial. The idea is 
probably taken from the ornaments running up the slop- 
ing sides of the Roman pediments. They were not in 
use in England in the Norman period ; at any rate no 
example remains. In the corresponding period abroad 
they are a sort of knots, as at Pisa. (Plate XXI. fig. 2.) 
The earliest in England are probably those at Lincoln, 
which are simple knobs turned back like that at Plate 
XXVIII. fig. 10, which is from Amiens. Shortly after 
these became foliated, as at Salisbury, fig. 14. In 
the Decorated period they became richer, as at Strasbourg, 
fig. 11, and sometimes had heads, figures of animals, 
birds, &c ; and sometimes developed themselves as a very 
rich leaf, as fig. 12, which is from the Palace of the 
Signoria at Sienna. Latterly they became more like part 
of a budding-leaf, as fie. 16, from Canterbury ; and fig. 13, 
from Milan ; fig. 17, mm St Albans; and Plate AXIL 
fig. 5, from Westminster, is common Uiroughout the 
Perpendicular period, though the late crockets sometimes 
assume the form of the stifi^, strap-like leaf, as fig. 18, 
from Litcham. 

Crop (Ang.-Sax. erap)^ the top of anything. A word an- 
ciently used for a Fiioal, which see. 

Cross. This religious symbol is almost always placed on 
the ends of gabies, the summit of spires, and other con- 
spicuous places of old churches. In early times they 
were generally very plain, oflen a simple cross in a circle, 
as at Beverly. (Plate XIX. fig 1.) Sometimes they take 
the form of a light cross crosslet, or a cross in a square, or 
in a square of metal, as at the Sainte Chapelle (Plate 
XXI V. fig. 7), or wide, as at Freiburg (fig. 9) ; by de- 
grees they became of less simple design, as Plate 
XXVIII. figs. 19, 20, the first of which is from Fresh- 
ton, the second from Doddington. In the Decorated 
and later styles they became richly floriated, and assumed 
an endless variety of forms. 

Cross- Aisle, an old name for a transept. 

Cross-Sprikger, the transverse or Heme ribs of a vault. 
(See Groining, Vaultihgv^ 

Crow-Steps. (See Corbie Steps.; 

Crow-Stone, the upper stone of a gable, see also as last. 

Crtpt (Lat. cryptHy It. confessione^ sotteraneo, Fr. crypte^ 
Ger. grtfi\ a vaulted apartment of greater or less size, 
usually under the choir. They are, no doubt, enlarge- 
ments of the small place under the altar in the Chris- 
tian basilicas, where the relics of the saints were placed, 
and which were gradually built of larger and larger 
dimensions till they became the *' undercrof^e, laigh 
church,'* or church below a church ; the oldest in Eng- 
land is that at Repton, the capital of the column of 
which is given (Plate XXVI. fig. 1.) The next that of 



York, which is probably Saxon, as are also those at Glossary. 
Hexham and Ripon. After the Conquest, the oldest 
are at Winchester and Worcester ; the largest and most 
important are those at Canterbury and Rochester, which 
last is partly early English ; there is also a very fine one 
at Gloucester. Norman crypts are also found at Oxford, 
Lastingham, St Mary-le-Bow, London, and others of less 
note. A perspective view and section of this last is 
given, Plate aXXVIII. figs. 1 and 2. This crypt is 
extremely curious, but is now unfortunately walled 
up. The finest crypts, however, were at Old St Paul's, 
as large as the whole choir, and which formed the church 
of St Faith, and was destroyed by the fire ; and that at 
Glasgow, which likewise extended under the choir and 
chapter-house, and is now happily entire, and the most 
beautiful in the kingdom. Both these were of the tran- 
sition between the early English and the Decorated 
periods. It is a curious fact, that just after this time 
the use of crypts seems to have been abandoned, not 
one of any importance having been constructed since. 
They seem to have reached their most palmy period, and 
then at once to have entirely gone out of fisishion. 
Cupola (Ital. cupo^ concave, profound), a spherical or sphe- 
roidal covering to a building, or to any part of it. (Plate 
XL figs. 2, 3, and 4; Plate XVI.; and Plate XXL 

tig. 2.y 

Curbtable, probably course- table, because they run hori- 
zontal as courses do. (See Strings.) 

Cushion Capital, the name given to the early Norman 
capital. See Plate XXUI. figs. 1, 3; Plate XXVL 
figs. 6, 8, 9, 10, and 11 ; and Plate XXXVIIL fig. 1. 
(See also Capital.) 

Cusp (Fr. feuiile, ItaL cuspide, Ger. knopf\ the points 
where the foliations of tracery intersect. A great variety 
are shown in Plates XXXVI. XXXV 11. The earliest 
example of a plain cusp is probablv that at Pythagoras 
School, at Cambridge (Plate XVIII. fig. 9); of an 
ornamented cusp at Ely Cathedral, where a small roll, 
with a rosette at the end, is formed at the termination 
of a cusp. In the later styles the termination of the 
cusps were more richly decorated, as Plate XXVllL 
figs. 21, 22, and 23 ; they also sometimes terminate not 
only in leaves or foliages, but in rosettes, heads, and 
other £Eincifiil ornaments. 

Cyclostyle (Gr, xvicXos, a circle, and oruAos, a column). 
A structure composed of a circular range of columns with- 
out a core is cyclostylar ; for with a core the range would 
be a peristyle. This is the species of edifice falsely called 
by Vitruvius Monopteral. (See Monopteros.) 

Cyha (Gr. icvfia, a wave), the name of a moulding of very 
frequent use. It is a simple, waved line, concave at one 
'end and convex at the other, like an Italic/. In that 
manner it is called a cyma-recta; but if the convexity 
appear above, and the concavity below on the right hand, 
it is then a cyma-reversa. (Plate VIII.) 

Cyhatium. When the crowning moulding of an entabla- 
ture is of the cyma form, it is termed the Cymatium. 

Gyrto-prostyle. An alternation of Cyrtostyle (^. t?.), but 
indicating more clearly than Cyrtostyle does an external 
projection. 

Cyrtostyle (Gr. ttvpro^ convex, and orvXos, a column), 
a circular projecting portico. Such are those of the 
transept entrances to St Paul's Cathedral. (Plate XVI. 
fig. I.) 

Dado or Die, the vertical face of an insulated pedestal be- 
tween the base and cornice or surbase. It is extended 
also to the similar part of all stereobates which are ar- 
ranged like pedestals in Roman and Italian architecture. 

Dais (Fr. eatrade^ haut pa», Ital. Predelia), a part ot 
the floor at the end of a mediicval hall, raised a step 
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Glossary. above the rest of the building, and called in France 
'* estrade.** On this the lord of the mansion dined with 
his friends at the great table, apart from the retainers and 
servants. In mediseval halls there was generally a deep 
recessed bay window at each end of the dais, supposed to 
be for retirement, or greater privacy than the open hall 
could afford. In France, the word is understood as a 
canopy or hanging over a seat : probably the name was 
given from the fact that the seats of great men were then 
surmounted by such an ornament. (See Estbade, 
Footpace.) 
Dates of Sttles. It is not to be supposed that the styles 
of architecture became changed all at once, or without 
opposition from those who, from old custom, loved and 
adhered to that of their forefathers ; nor is it to be sup- 
posed that those new methods of design adopted in the 
metropolis, or the larger towns, spread directly to the 
provinces or little country places. We therefore find 
that works were going on in a new style at one place, 
when at another the old forms were preferred, and it 
took some time to eradicate them. Styles, therefore, in a 
very great degree '* overlap each other," as it has been 
very properly expressed. The following short approxi- 
mate list may, however, be useful to the student, though 
nothing but the study of dated examples, and the history 
of the bodies or individuals by whom they were erected, 
can give th^ faculty of correct discrimination. 
Early, or plain Norman, from 1066 to about 1100 
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1160 
1190 
1260 
1300 
1370 



1400 

1490 
1550 



Richer, do., 

Transition from do., to Anglo Norman,... 

Pure early English, 

Transition to Decorated, 

Pure Decorated, 

Transition from Decorated, to Perpen-) 

dicular, f 

E^rly Perpendicular, 

Later do., or Tudor, 

Or it may be given more roughly thus, in centuries, or 
parts of centuries. 
From the Conquest to about the be-) i^ i -vt 

ginning of tHe 12th century \ ^^'y Gorman. 

To about the middle of the 12th, ... Richer do. 
Do. do. beginning of the 13th, Transition. 

-^^^^on^emi. Hll^^p^fS" 

beginning of the 14th, Transition, 
third quarter of the) Decorated or se 



Do. do. 



do. 
do. 



Do 
Do. 

14th, 
Do. do. beginning of the 15th, 

Do. do. beginning of the 16th, 
Do. do. middle of the 16th,.M... 



:} 



cond pointed. 
Transition. 
Perpendicular or 

third pointed. 
Tudor or four* 

centred. 



Or thus, in the reign of the various monarchs :— 
William I. to Stephen, from 1066 to ) ^^ 

1154, J ®™*"' 



Henry II to 

Richwrd I. to Henry III., to 

Edward I., .^ to 

Edward III., to 

Richard II.,.. to 

Henry IV. 



to 



1 1 89, Anglo-Norman. 

1272, Early English. 

1307, Transition. 

1377, Decorated. 

1899, Transition. 

1546, l^^y^"^^*^"^"'^^ 



•'I 
Henry VIII., j 

DBCA0TTI.E (Gr. 8cK<&, ten, and orvXos, a column), a portico 
of ten columns in front (See note to the term Hexa- 
STTLB.) The portico to University College, London, is 
of this description ; more particularly described, it is de- 
caprostyle and recessed. 

Decorated Sttui, also called second pointed (Fr. ogival 
secondaire, goUique rayormani^ Ger. spitzbogen atiil)^ 



the style which developed itself from the early English. Olomry. 
Its chief characteristics are the tracery of the windows^ ' 
the greater delicacy of the mouldings (^ piers, arches, &c., 
the foliage of capitals, &c., which is more natural, the 
lessening of the importance of tlie triforium^ and the 
increasing that of the clerestory: the increased richness 
of the groining and introduction of more ribs; the 
lowering the unreasonable steepness of the roofs; the 
panelling the buttresses, and the introduction of niches 
therein ; the peculiarly ornamented mouldings, as the bcM' 
flower; the triangular ^a6^to and hood^moulds. The de- 
scription of all these, and that of the doorways, piersj 
arches, towers, windows, groinings, kc, will be found under 
the respective heads. (See also Dates of Styles.) One 
of the finest specimens of geometrical Decorated is 
supposed to be the choir at Lincoln, given at Plate 
XX. fig. 2. Another is the lower part of tlie west front 
at York Minster (the tops of the towers are Perpendicular); 
this is given, Plate XXI. fiff. 1. There are but few fine 
specimens of this style in France and Belgium ; but the 
constant wars that devastated these countries during that 
period may account for this circumstance. 

Decorated Transition. This style shades off, as it were, 
into the early Perpendicular. Its chief features are that 
the arches become more depressed, and the tracery has 
more or less a tendency to perpendicular lines. It lasted 
so short a time, that little more can be said of it 

Dentil (Lat. dens, a tooth). The cogged or toothed mem- 
ber, so common in the bed- mould of a Corinthian enta- 
blature, is said to be dentilled ; and each cog or tooth is 
called a dentil. (Plate XIII. fig. 1.) 

Depressed Arches or Drop Arches, those of less pitch 
than the equilateral. (See Stonb-Masonrt, Medlsyal, 
Part V. fig. 64.) 

Design. Architects apply this term to what is vulgarly 
called a plan, intending by it the scheme or design of a 
building in adl its parts, the term plan having a distinct 
application to a technical portion of the design. (See 
Plan.) The plans, elevations, secdons, and whatever 
other drawings may be necessary for an edifice, exhibit 
the design. 

Detail. As used by architects, detail means the smaller 
parts into which a composition may be divided. It is 
applied generally to mouldings and other enrichments, 
and again to their minutiae. 

Diameter (superior and inferior). The greater diameter 
of the shad of a column is technically termed its inferior, 
because it is that of the lower end ; and the lesser, that 
of the upper end, its superior diameter. 

Dllper (It. diaspro, Fr. diaspr^ Ger. gelumtenoerh), a 
method of decorating a wall panel, stained glass, or any 
plain surface, by covering it with a continuous design of 
flowers, rosettes, &c., either in squares or lozenges, or 
some geometriod form resembling the pattern of a dia- 
pered uble-cloth, from which, in fact (drap d'Ypres), 
the name is supposed by some to have been derived. 
Several examples are given, Plate XXIX.; the most 
curious is one, fig. 7, but little known from Auxerre. 

DiASTTLB (Gr. &a, through, and oniXoc, a column), a spa- 
cious intercolumniation, to which three diameters are as- 
signed. (See EusTTLE.) 

DiFTERAU (See DiPTEROS.) 

DiPTEROS (Gr. &S, twice, and «t^)of, a wing), a double- 
winged temple. The Greeks are said to have constructed 
temples with two ranges of columns all round, which 
were called dipteroi. A portico projecting two columns 
and their interspaces is of dipteral or pseudo-dipteral ar- 
rangement. See description of fig. 3, Plate V. 

DiscHARGiNa Arch, an arch generally of hard stone 
over the opening of a door or window, to discharge 
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or relieve the saperincumbent weight from pressing on 
the freestone. (See Stoni^Masonrt, Fart V. art 186» 
fig. 67i often called Relieving Arch.) 

DisiEMPRB. (See FBESCOy Tkhpeba.) 

DiSTTLB (Gr. oi9i twice, and otuXos, a column), a portico of 
two columns. This term is not generally applied to the 
mere porch with two columns, but to describe a portico 
with two columns in aniia. The elevation of the pro- 
naos of the hexastyle peripteral temple, Plate V. fig. 2, 
exhibits an example of distyle tit antis. 

DmaoLTPH (Gr. &«, twice, and triglyph, q. v.), an inter* 
columniation in the Doric order, of two triglyphs. (See 

MOKOTRIOLTPH.) 

DoDEOASTTLB (Gr. SoiScKa, twelve, and orvXos, a column), 
a portico of twelve columns in front. (See note to Hex* 
ASTTLB.) There is no portico of this description in Lon- 
don at present. The lower one of the west front of St 
Paul's Cathedral (Plate XV.) is of twelve columns, but 
they are coupled, making the arrangement pseudo-dode- 
castyle. (See Pseudo-Pbosttle.) The Chamber of 
Deputies in Paris has a true dodecastyle. 

Do€h Tooth, a favourite enrichment in use firom the 
latter part of the Norman period to the early part of the 
Decorated. It is in the form of a four-leaved flower, the 
centre of which projects, and probably was named from 
its resemblance to the dog-toothed violet. (See Plate 
XXXIII. figs. 8, 9, and \2.) 

DoKE (Gr. Swfta, a structure of^any kind ; whence the Latin 
domuSf a house or temple), a cupola or inverted cup on a 
building. The application of tiiis term to its generally 
received purpose is from the Italian custom of odling an 
archieptscopal church, by way of eminence, Ilduomo^ the 
temple ; for to one of that rank, the cathedral of Flor- 
ence, the cupola was first applied in modern practice. 
The Italians themselves never call a cupola a dome : it 
is on this side of the Alps the mistake has arisen, from 
the circumstance, it would appear, that the Italians use 
the term with reference to those structures whose most 
distinguishing feature is the cupola, tholus, or (as we now 
call it) dome. (See Cupola.) 

Donjon, the principal tower of a castle. (See Keep.) 

DooB, Doob-wat (Lat poria^ Ital. porta^ porUme^ Fr. 
porte^ Ger. thur\ the entrance into a garden-court or in- 
closed space, also to a building or chamber. In the few re- 
mains which are considered Saxon, the doorways are very 
plain, beinff sometimes only a semicircular arch over square 
jambs, without even a hecking; the voussoirs being some- 
times of long, thin rough stones set endways, and the cha- 
racter of the work like common Roman arches. At 
Barton on Humber, Bamack, and at Deerhurst, instead 
of arches, two large stones cover the opening, joined 
together at the top like a triangle, very much resembling 
the doorway into which the cup-bearer is entering, 
taken from the Saxon MS. generally called the &\fr\c 
Pentateuch. (See Roof, Mbdlstal, fig. 34.) In 
other examples there are rude imposts, sometimes 
square pieces of stone, sometimes roughly moulded. At 
Earl's Barton (Plate XXXV. fig. 2) there is a narrow 
pilaster, which is continued round the circular head of 
the door in pieces of various lengths and rough imposts. 
At Corhampton and at Stanton Lacy there is the same 
arrangement, but narrower, and exactly like what is 
called the strip pilasters (see Plate XXXV. figs. 1 and 
2), which are from Sompting and Earl's Barton. In 
later Saxon times, and in the early Norman, the door- 
ways, as well as the windows, partook of the cha- 
racter of the work of the Confessor (Plate XXIII. fig. 
1) ; later they became more deeply recessed, the mould- 
ings arranged so as to compose a series of recessed 
squares (see Mouldinos) ; they generally have jamb* 



shafts, as at Ifley (PlMe XVIII. fig. 8), but sometimes Olooary. 
the mouldings are continued round the whole opening 
without even an impost, as fig. 7* The label moulding 
sometimes is flush with the wall, and sometimes pro- 
jects slightly. Its termination is frequendy on agrotesque 
head, and often upon the impost (see Label Tbbmina- 
TiONs). In later Norman work the mouldings are very 
richly decorated (see as above, and with the detail at 
greater size Plate XXXIII. figs. 1 to 7). Some Norman 
doorways fill the whole face of a tower or porch between 
buttress to buttress, and sometimes the whole west front 
of the nave of acatfiednd, as at Lincoln and Rochester. 
One very curious feature of the Norman doorway is, 
that it frequently has a level impost running through 
from iamb to jamb, above which is a flat space, generaUy 
called a tympanum, which is often enriched by sculptured 
figures or other carving. Near Newark is a Norman 
doorway with such a tympanum, the impost carrying 
which is part of the stem of a Runic cross, showing that 
these curious monuments are older than the Norman 
period. A few of these examples have a triangular 
canopy over them. Early English doorways are also 
deeply recessed, generally with pointed heads, but the 
smaller examples are ofien square-headed, with small 
haunchings. The arrangement of the mouldings will be 
described (Mouldings), as also the jamb-shafts, which 
generally are more slender, and are banded. The 
capitals, also, are generally foliated, as will be shown 
under the various heads. The label mouldings in all 
cases prcject, and have foliaged terminations or heads ; 
there are frequently triangidar canopies over those door- 
ways. One remarkable feature in this style is, that 
many of the doors are double, that is, with two arches 
side by side, separated only by a shafl under a series of 
recessed arches spanning both. Perhaps the earliest ex- 
ample in this style is at Beverley, in the souUi transept, 
Plate XIX. fig. 1 ; a very fine example is also given from 
Higham Ferrers, PUte XXX. fig. 3. Decorated door- 
ways possess very much the same features as these last, 
but, as is general in this style, the mouldings, jamb-shafb, 
&c., are more slender, less undercut, and generally of 
finer proportions ; like the early English, the hollows are 
often ornamented, particularly with the ball flower, and 
sometimes, as at the Chapter House at Rochester, with 
small niches and canopies with figures in them running 
round the whole jamb and arch. Sometimes the doors 
are surmounted by ogee arches, as at Crick. The double 
doors in this style are very fine ; one in the cloister at 
Westminster, lately laid open, is given, Plate XXX. fig. 2; 
this leads into the vestibule to the Chapter House, and is 
enriched in every possible way. Another equally beauti- 
ful is in the West front at York Minster, PUte aXI. fig. 
1 ; and at larger scale, Plate XXX. fig. 5. Early Perpen- 
dicular doors differ but little from these last descril)ed, 
but by degrees the labels were carried up so as to form a 
square, under which was the arch, the spandrels between 
which were decorated in various ways, sometimes with 
circles containing cinque-fuils, sometimes with shields. 
(See Doorway, Plate aXII. fig. 1.) At this period the 
four centred arches came gradually into use ; the method of 
delineating which is given in Stone-Masonbt, Medlsval 
(Part V. fig. 66) ; the doorwa^^s then became very richly 
ornamented, see Plate XXX. fig. 9, which is frum Mag- 
dalene College, Oxford. Doors themselves are of idl 
characters. The early ones have mostly perished ; in fact, it 
has been said that no Norman door exists. For the other, 
periods, we have sometimes plain ledged doors, some- 
times panelled in the inside, and ledged on the out. The 
ledges sometimes are plain ; sometimes fixed lapping over 
each other like a park paling ; sometimes they are raised 
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to an arris in the middle ; very often plain ledged, with 
champhered fillets nailed over them to cover the joints. 
The better dass of doors are panelled outside, as Plate 
XXX. fig. Sy from Higham Ferrers, and in the Decorated 
and Perpendicular periods, have rich tracery with cusp- 
ing, &C.9 see Plate XXIL fig. 1 ; the door to Westminster 
Hall, said to be a reproduction oif the original, and Plate 
XXX. fig. 9, that at Magdalene College, Oxford. A very 
great number of mediseval doors are simply studded with 
large projecting squares, or polygonal nails (t6. fig. 5). 
Some have rich iron-work in tlie way of hinges, &c. (See 
Iron Work.) In general, the internal side of mediseval 
doors is less ornamented than the outside. 
DoRMEB Beam or Doricant BeaVi is said by Nicholson to 
be a tie-beam, but more probably, as its name imports, is 
a sleeper. 
Dormkr Window (Fr. lucamey Ital. abbaino, Ger. dock- 
fenster)^ a window belonging to a room in a roof, which 
consequently projects fi^m it with a valley gutter on 
each side. They are said not to be earlier than the 
14tli century. In Germany there are often several rows 
of dormers, one above the other. In Italian Gothic they 
are very rare ; in &ct, the former have an unusual steep 
roo^ while in the latter country, where the Italian tile 
is used, the roofs are rather flat 
Dormitort (Fr. dartoir. It. dormUorio^ Ger. sehUtfgemaeh\ 
the place where the monks slept at night. It was some- 
times one long room like a barrack, and sometimes 
divided into a succession of small chambers or cells. 
The dormitory was generally on the first floor, and con- 
nected with tlie church, so that it was not necessary to 
go out of doors to attend the nocturnal services. In the 
large houses of the late Perpendicular period, and also of 
some of the £lizabethan, the entire upper story in the roof 
formed one large apartment, said to have been a place for 
exercise in wet weather, and also for a dormitory for the 
retainers of the household, or those of visitors, on occasions 
of great hunting parties, &c., as at Knole, Eastbury, &c. 
DossEL or DoRfiAL. (See Reredos.) 
Double Doorwat. These are in pairs, and supposed to 
be intended for the convenience of processions ; they are 
generally found at the entrances of important buildings, 
as Beverly Minster, Plate XIX. fig. 1 ; York Minster, 
Plate XXI. fig. 1 ; and almost invariably at the entrances 
o? Chapter Houses. (See Door.) 
DRipfirroNE, the moulding or cornice which acts as a ca- 
nopy to doors and windows. Horizontal running mduld- 
ings are sometimes called tablets and sometimes drip- 
stones* 
Drops. (See Guttji.) 
Drop Arches. (See Depressed Arches.) 
DuNQEON, the prison in a castle keep, so oJled because 
the Norman name for the latter is donjon, and the 
dungeons or prisons are generally in its lowest story. 
(See Keep.) 
Earlt English, also called first pointed, ogiwU primaire; 
the style which developed itself after the Transition or 
Anglo-Norman; which style, though having pointed 
arches, preserved the massiveness, not to say heaviness, of 
the pure Norman. The early English, on tlie contrary, 
assumed the lightest appearance, the piers were sur- 
rounded by slender «Aq^, frequently detached, and often 
of Purbeck or other marble ; the trmctotMbecame very nar- 
row and elongated, sometimes ten times as high as wide ; 
the arches were often lancet, very frequently equilateral, 
and sometimes depressed. (See Stoke-Masonrt, Mr- 
DLBTAL, Part V. &gs. 63, 64, and 66.) Now and then 
the windows^ and sometimes the smaller doors^ had trefoil 
heads ; the grtnm had a greater number of ribs ; the 
roof became of much higher pitch ; the tofcers were 



loftier and lighter, and surmounted by spires ; the bui» GIoiMry. 
tressesj fit>m the flat, pilaster-like shape of the former ' 
styles, became very massive, and of great projection, 
and finished with rising gablets ; and in this period the 
flying buttresses were developed ; the mouldings became 
more numerous, bolder, and deeper undercut; the 
foliages took a very peculiar form, being of crisp 
stiff character, executed with extreme boldness, and 
deeply undercut; the ornaments in the mouldings 
were much less frequent than in the Norman style, that 
chiefly used being the dog-tooih^ All these are de* 
scribed under their respective heads. 
Earlt Engush Transition. Later in the style, the 
various things enumerated gradually changed their cha- 
racter, till they were ultimately developed as \he Decorated 
style. The great and marked change being the rudi- 
ments of trcuxry^ which at first consisted of mere per- 
forations in the flat stone, these passed in this period into 
Geometrical Tmcery. At this time, too, we get lighter 
pinnacles, which were developed firom the heavy gablet 
heads of the buttresses, and the crockets, the earliest 
perhaps of which are given, Plate XXVIII. figs. 10-14. 
EcHAuoBTTE. (See Bartizan.) 

Echinus (Gr. ^(tyo?, an egg), a moulding of eccentric curve, 
which (when it is carved) being generally cut into the 
forms of eggs and anchors alternating, the moulding is 
called by the name of the more conspicuous. It is the 
same as Ovalo, q. v. 
Element, the outline of the design of a Decorated window, 
on which the centres for the tracery are formed. (See 
Stone-Masonrt, Medlstal, Part V. fig. 67.) These 
centres will all be found to fall on points whicn, in some 
way or other, will be equimultiples of parts of Uie open- 
ings. Before any one can draw tracery well, or under- 
stand even the principles of its composition, he must 
eive much attention to the study of the element. (See 
Tragbrt, &c.) 
Elevation, the front, or facade, as the French term it, of 
a structure. A geometrical * drawing of the external' 
upright parts of a building. Architects speak of front, 
back-front, and side or end elevations. 
Embrasure, the opening in a battlement between the 
two raised solid portions or merlons, sometimes called a 
crenelle. (See Battlement, Crenelle.) 
Enciente, a French term for the close or precinct of a 

cathedral, abbey, castle, &c. 
Entablature, or Intablature (Lat tin, upon, and tabula, 
a tablet). The superimposed horizontal mass in a 
columnar ordinance, which rests upon the tablet or 
abacus of a column, is so called. It is conventionally 
composed of three parts, architrave, frieze, and cornice, 
q. V. (Plate XIII. fig. I.) 
Entail, Entatle, sculptured ornaments, generally of rich 
design, most probably derived from the Italian intaglio. 
Entasis, the swelling of a column, &c. (See former glos- 
sary.) In mediaeval architecture, some spires, particu- 
larly those called *^broach spires,'' have a slight swelling 
in the sides, but no more than to make them look 
straight, for, from a particular '* deceptio visus," that 
which is quite straight, when viewed at a height, looks 
hollow. (See Spire.) 
£pi, the French term for a light finial, generally of metal, 
but sometimes of terra cotta, forming the termination of 
a pointed roof or spire, see Plate aXXI. fig. 8, from 
Bourges. (See Spikel.) 
£pist7Lium, or Epistyle (Or. tm, upon, and crrvXos, a 
column). This term may with propriety be applied to the 
whole entablature, with which it is synonymous ; but it 
is restricted in use to the architrave or lowest member of 
tlie entablature. 
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Qlowary. EsOAPB, a fkmiliarEngiish equivalent for the term Apophyge, 

EscoNSOK, Stated to be a French term for the arris of the 
internal splay of a window, and Esconson Shaft to be 
the phrase for the slender column with which such jambs 
often finish. (Plate XX. fi(^. 2.) The word, however, 
is not to be found in M. VioUet-Ie-Duc. (See Splat, 
Jamb-Shaft, Hood- Moulding.) 

Escutcheon (Lat. scutum^ Ital. scudoj Fr. icusson^ Ger. 
wappen8child\ a term for the shields used on tombs in 
the spandrels of doors or in string courses. (See Plate 
XX II. 6gs. 4 and 7.) Also the ornamented plates from 
the centre of which door-rings, knockers, &c., are sus* 
pended, or which protect the wood of the key-hole from 
the wear of the key. In later times these are sometimes 
decorated in a very grotesque way. 

EsTRADE, a French term for a raised platform. (See Dais, 
Foot-pace.) 

EusTYLE (Gr. eu, well, and oruXos, a column), a species of 
intercolumniation, to which a proportion of two diameters 
and a quarter is assigned. This term, together with the 
others of similar import, — ^pycnostyle, systyle, diastyle, and 
areeostyle, — referring to the distances of columns from one 
another in composition, is from Vitruvius, who assigns to 
each the space it is to express. It will be seen, however, 
by reference to them individually, that the words them- 
selves, though perhaps sufficiently applicable, convey no 
idea of an exactly defined space, and by reference to the 
columnar structures of the ancients, that no attention was 
paid by them to such limitations. It follows, then, that 
the proportions assigned to each are purely conventional, 
and raay!*or may not be attended to without vitiating the 
power of applying the terms. Eustyle means the best or 
most beautiful arrangement ; but as the effect of a colum- 
nar composition depends on many things besides the dia- 
meter of the columns, the same proportioned intercolum- 
niation would look well or ill according to those other 
circumstances, so that the limitation of eustyle to two 
diameters and a quarter is absurd, and so itjs in the case 
of the other similar terms. With Doric intercolumniation 
it is different, as may be seen by reference to the word 

MONOTRIGLTPH. 

Facade. (See Elevation.) 

Faitaqe, the French term for the wooden ridges. 

Faitb, the like for the ridge of a roof. 

Faiti^re, the ornaments running along the ndge of a 
building. (See Crestino.) 

Fan Vaulting. (See Groining.) 

Fascia (Lat. a band). The narrow vertical bands or broad 
fillets into which the architraves of Corinthian and Ionic 
entablatures are divided, are called fiucise or fascias ; and 
the term is generally applied to any similar member in 
architecture. 

Feathering. (See Cusps.) 

Femerell, properly Fumerell, a sort of lantern in the 
ridge of a hail (when the fire was in the middle of the 
floor and not in a chimney), for the purpose of letting out 
the smoke. 

Fenestrall, a fiume or " chassis, " on which oiled paper 
or thin cloth was strained to keep out wind and rain 
when the windows were not glazed. . 

Feretort, a sort of parclose which inclosed the feretrum, 
shrine, or tomb, as in Henry the Seventh's Chapel. 

Fillet (Fr. Jilet^ liste, Ital. listellOf Ger. binde\ a narrow 
vertical band or listel, of frequent use in congeries of 
mouldings, to separate and combine them, and also to 
give breadth and firmness to the upper edge of a crown- 
ing cyma or cavetto, as in an external cornice. The 
narrow slips or breadths between the flutes of Corin- 
thian and Ionic columns are also called fillets. In 



medisval, a small, ^t, projecting square, chiefly used to Glossary, 
separate hollows and round. In early English and 
Decorated work a fillet is often found in the outer parts 
of shafts and bowtells. (See Plate XXXII. fig. 16.) 
In this situation the centre fillet has been termed a 
keel, and the two side ones wings, but apparently this 
is not an ancient term. 
FmuLL (Fr. fleuran)^ the flower or bunch of flowers with 
which a spire, pinnacle, gablet, canopy, &c, generally 
terminates* Where there are crockets, the &iial ge- 
nerally bears as close a resemblance as possible to them 
in point of design. They are found in early work where 
there are no crockets. The simplest form seems to be 
as at Paris (Plate XXXL fig. 1), which is more like a 
bud about to burst than an open flower. They soon 
became more elaborate, as at Lincoln (fig. 2), and still 
more, as at Westminster (fig. 8), and the Hotel Cluny 
at Paris (fig. 4) ; fig. 5 shows one at Winchester ; fig. 
6 shows a bud of the lily just bursting into flower, and 
is cited by M. ViolIet-le-Duc as the probable origin of 
the later form of this object of decoration ; fig. 7 is 
from York, and strongly resembles two crockets placed 
opposite each other. Many Perpendicular finials are like 
four crockets bound together ; fig. 8 is from Bourges, a 
form not to be found in England, and which in France 
is generally called £pi. Almost every known example 
of a finial has a sort of necking separating it finom the 
parts below. (See Epi, Crop.) 
Flahbotant, a name applied to the third pointed style in 
France {ogive teriiale% which seems to have been de- 
veloped fiii^m the second as our Perpendicular was from 
the Decorated. The gT^at characteristic is, that the 
element of the tracery flows upwards in long wavy divi- 
sions Uke flames of fire. In most cases, also, every di- 
vision has only one cusp on each side, however long the 
division may be. The mouldings seem to be as much 
inferior to those of the preceding period, as our Perpendi- 
cular mouldings were to the Decorated, a fact which seems 
to show that the decadence of Gothic architecture was 
not due to one country more than another. 
FLikiHE (Ital. gvglio), a general term in foreign architec* 
ture for a spire, but more particularly used for the 
small slender erection rising from the intersection of the 
nave and transepts in cathedrals and large churches (see 
Plate XXIV. figs. 8 and 1 1), and carrying the sanctus 
bell. 
Flute, a concave channel. ; Columns whose shafts are chan- 
nelled are said to be fluted, and the flutes are collectively 
called flutings. 
Foil, Foil Arch, Foliation. (See Cusp, Frathering.) 
FoLiAQB, carvings of leaves, buds, flowers, tendrils, &&, 
used as decorations to columns, iMses, cornices, &c Of 
Saxon foliage there is scarce any remains. Norman 
seems to have been either a coarse imitation of the 
Roman Corinthian capital, as Plate XXVI. fig. 2, from 
Caen, fig. 6 fi^m the White Tower, figs. 9 and 11 from 
Sutton, or of a species of interlaced, twisted design, as 
Plate XXIII. fie. 3, from Canterbury, fig. 13 firom Cres- 
set, Plate XX Vl. fiff. 6, also from Canterbury. In the 
early English period the foliages became more artistic, 
but are composed of stiff leaves and stems with crisp- 
looking tendrils, which some have supposed to be the 
stalks and leaves of a species of celery, but which M. 
Viollet-le-Duc supposes, with much greater probability, 
to have been derived firom the shoots of the fern as they 
first emerge fix>m the earth ; those of the Transition 
period firom the Norman are very simple, as Plate 

XXVI. fig. 3, fi^m Folkestone, figs. 4 and 12 firom 
Buildwas. In the complete early English style, Plata 

XXVII. fig. 1 is from Salisbury, figs. 2 and 8 from 
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GioMary. Stone, Plate XXIII. fig. 10 from Lincoln, Plate 
XXVIII. fig. 8 from Winchester. In this style, also, 
the dog-tooth is very common. In the Decorated period 
the foliages are more natural ; in fact, there can be no 
doubt that they were strictly copied from nature, as may 
be seen at the celebrated Chapter-House at Southwell. 
They generally, however, are wrapped round the bell of 
the capital instead of standing erect, as the examples 
before cited. The leaves of oak, maple, vine, ivy, 
strawberry, in fact, of every picturesque plant, are 
beautifully rendered. Plate kxVII. shows, in twelve 
examples, the early English foliage and its gradual tran- 
sition to the pure Decorated. See also Plate XXVIII. 
fig. 9, and Plate XXV. figs. 2 and 3, which show the 
difference of the foliages in two bosses. The ball-flower 
is very common at this period. In the Perpendicular 
style the foliages are less natural; see the various 
examples in Plate XXII. A very common form is the 
Tudor flower (Plate XXXIII. fig. 20), and a sort of 
vine leaf, with flat bunches of grapes running in a hollow 
(see ib. fig. 22) ; this is often called vignette. (See the 
various heads — Capital, Base, Boss, Mouldings, Ob- 

NAHKNTED do., DOO-TOOTH, BaLL-FloWEB.) 

Font, the vessel used in the rite of baptism. The earliest 
extant is supposed to be that in which Constantino is 
said to have been baptised ; this is a porphyry labrum 
from a Roman bath. Those in the Baptisteries in Italy 
are all large, and were intended for immersion ; as time 
went on, they seem to have become smaller. What 
they were in Saxon times is uncertain, though it is not 
improbable that some of the plain examples, called 
Norman, may have been of earlier date. Norman fonts 
are sometimes mere plain, hollow cylinders, generally a 
little smaller below than above; others are massive 
squares, supported on a thick stem, round which some- 
times there are smaller shafts. In the early English 
thb form b still pursued, and the shafts are detached ; 
sometimes, however, they are hexagonal and octagonal, 
and in this and the later styles, assume the form of a 
vessel on a stem. Norman fonts have frequently curious 
carvings on them, approaching the grotesque ; in h&ter 
times the foliages, &C., partook absolutely of the cha- 
racter of tliose used in other architectural details of their 
respective periods. The font is usually placed close 
to a pillar near the entrance, generally that nearest 
but one to the tower in the south arcade, or, in large 
buildings, in the middle of the nave, opposite the en- 
trance porch, and sometimes in a separate building. 
(See Baftistebt.) 

FooT-PAOB. (See Dais, Estbadb.) 

Foot-stall, a word supposed to have been a literal tnins- 
lation of piedestalle, or pedestal, the lower part of a 
pier. (See Base. Patin.) 

Foot-table. (See Base of a Wall-) 

FoBMSBBT, the half ribs against the walls in a groined- 
ceiliog. (See Vaultino, Gboining.) 

Fbatbbt, Frater Hmue* Supposed to be the hall where 
the friars met for dinner, or other purposes ; the same as 
refeeiory among the monks. 

Free- Mason, the worker in frte»Ume^ as distinguished 
from the scappler or rough stone mason. These men, 
like roost other trades in the middle ages, formed guilds 
or societies for the regulation of their craft, and also for 
religious and cKaritable purposes; but they CQuld not 
resemble the modem freemasons, as the Church of Rome 
always has prohibited (to thb day) any secret societies. 

Fbbbstonb (Pr. ^vtrre de taiUe, Itol. frietra malle). 
Stone used for mouldings, tracery, and other work re- 
quired to be executed with the chisel. The oolitic 
stones are generally so called, although in some countries 



the soft sandstones are so used, and in some churches GloiMry. 
an indurated chalk called clunch is employed for inter- 
nal lining and for carving. 
Fbesoo, the method of painting on a wall while the 
plastering is wet. The colour penetrates through the 
material, which therefore will bear .rubbing or cleaning 
to almost any extent. The transparency, the chiaroscuro, 
and lucidity, as well as force, which can be obtained by 
this method, cannot be conceived unless the frescoes of 
Fra Angelico or Raphael are studied. The word, how- 
ever, is often employed improperly to mediaeval delinea- 
tions in ancient churches, which are only painted on the 
surface in distemper or body colour, mixed with size or 
white of egg^ which gives them an opaque effect. (See 

DiSTEMPEB, TeHPEBA.) 

Fbiabt, the set of buildings intended for the accommodation 
of the various orders of friars ; and, in contradistinction 
to monastery, which was intended for the monks. (See 
Abbey, Monastebt.) 

Fbieze {lta\,fregiOy from the Lat. Phrygioniw^ enriched or 
embroidered), that portion of an entablature between the 
cornice above and the architrave below. (Plate XIII. 
fig. 1.) It derives its name from being the recipient of 
tlie sculptured enrichments either of foliage or figures 
which may be relevant to the object of the structure. The 
frieze is also called the zoophorus, a, v. 

Fbontispiece, the front or principal elevation of a structure. 
This term, however, is generally restricted in application 
to a Decorated entrance. 

Gable, sometimes Gavil (Fr. pignan^ Ital. colma^ Ger. 
giebel). When a roof is not hipped or returned on 
itself at the ends, its ends are stopped by carrying up 
the walls under them in the triangular form of the roof 
itself. This is called the gable, or, indeed, the pedi- 
ment. The latter term, however, is restricted to the 
ornamental and ornamented gable ; and gable itself is 
applied to a plain triangular end. The triangular end of 
the wall of a building where the roof comes to the front, 
and is not hipped. It answers to the pediment of classic 
arch i tecture. O f course gables follow the angles of the slope 
of the roof, and differ in the various styles. In Norman 
work they are generally about half pitch. In early Eng- 
lish, seldom less than equilateral, and often more (see 
Plate XIX. fig. 1). In Decorated work they become 
lower, and still more so in the Perpendicular style. In all 
important buildings they are finished with copings or 
parapets. In early times the copings were nearly flat. In 
the later styles gables are often surmounted with battle- 
ments (Plate XXI. fig. l),or enriched with crockets (Plate 
XXII. fig. 1) ; they are also often panelled or perforated, 
and sometimes very richly so. The gables in ecclesiastic 
cal buildings mostly are terminated with a cross; in 
odiers, by a finial or pinnacle. In later times the para- 
pets or copings were broken into a sort of steps, called 
corbie steps (which see). In buildings of less pretension, 
the tiles or other roof covering passed over the front 
of the wall, which then of course had no coping. In 
this case the outer pair of rafters were concealed by 
moulded or carved verge boards. (See Battlement, 
CopiNQ, Cobbib Steps, Pabapet, Vebge Boabds, &c.) 

Gable Boabd. (See Vebge Boabd.) 

Gabmsd Towebs, those which are finished with gables 
instead of parapets, as at Sompting (Plate XXXV. 
fig. 1). 

Gable Window, a term sometimes applied to the large 
window under a gable (Plate XXL fig. 1, Plate XXlI. 
fig. 1), but more properly to the windows in the gable 
itnelf. See the upper window, Plate XIX» fig. 1. Also 

LUCABNE. 

Gablexs, triangular terminations to buttresses, much in 
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GloMary. use in the early English and Decorated periods, ader 
which they generally terminate in pinnacles. The early 
English are generally plain, and very sharp in pitch (see 
those, Plate XIX. fig. 1, on the buttresses to the aisles), 
or with small trefoils cut in between the slopes (see t6.) 
on the nave. In the Decorated period they are often 
enriched with panelling and crockets. They sometimes 
are finished with small crosses, but oflener with finials. 

Galilee, a species of porch where, it has been said, the 
i'emale relatives of the monks went to confer with them, 
they not being permitted to enter the conventual build- 
ings. The name is supposed to be derived from the 
scriptural expression, " He shall go before you into 
Galilee." At Durham the galilee is a sort of chapel at 
the main entrance into the nave. For a description of 
similar buildings on the Continent, see Porch, Portal* 

Gallert, any long passage looking down inio another 
part of a building, or into the court outside. The tri- 
forium and clerestory passages (Plate XX; figs. 1 and 2) 
are galleries ; as also are the arcades at the cathedral at 
Pisa (Plate XXI. fig. 2). In like manner, any stage 
erected to carry a rood, or an organ, or to receive specta- 
tors, was latterly called a gallery, though originally a 
loft. In later times any very long room was called a 
gallery, particularly those intended for purposes of state, 
(See Loft, Triforiitm, Arcade, &c) 

Garootlb or Gurqotlb (Fr. gargauuhi canon^ Utneeur, 
Ital. doceia di gronda^ Ger. autgmi). Carved termina- 
tions to the spouts which conveyed away the water from the 
gutters, and are supposed to be called so from the gurgling 
noise made by the water passing through them. They 
are, with few exceptions, mostly grotesque figures ; Plate 
XXXI. fig. 9 is from Petherton, fig. 10 from Ruislip, 
figs. 11 and 12 from Amiens, fig. 13 from York, and 
14, which is an elegant figure pouring water out of a 
sort of leather vessel, is from Troyes. In Plate XXXIX. 
fig. 3, is a curious example of a gargogle from Meaux 
Cathedral, which exhibits the use of the channel in a 
clear manner. Many early gargoyles in France are con- 
structed, in this wav. 

Gabrettino, properly Gallbitimo ; from gallet, a small 
piece of stone chipped off by the chisel. A method of 
protecting the mortar joints in rough walls by sticking 
in chips of stone while the mortar is wet 

Gate House, a building forming the entrance to a town, 
the door of an abbey, the enceinte of a castle or other 
important edifice. Tliey generally had a large gateway, 
protected by a gate, and also a portcullis, over which 
were battlemented parapets with holes (machicolations) 
for pouring down darts, melted lead, or hot sand, on the 
besiegers. Gatehouses always had a lodge, with apart- 
ments for the porter, and guard-rooms for the soldiers ; 
and generally rooms over for the officers, and often places 
for prisoners beneath. They are sometimes open in the 
rear, as at Cooling Castle, and often have doors with port- 
cullises, &C., on both sides, in case the enemy should scale 
the walls, and attack them both in front and rear. In 
this case, the space between, on the ground floor, is gene- 
rally groined over, with holes for missile weapons. 

Geometrical Sttle. The early part of the Decorated 
period is often so called, because the element of the 
tracery is composed of circles, or other regular geometri- 
cal figures, see Plate XXXVI. figs. 5 to 8 ; see also the 
lower windows, Plate XXI. fig. 1, the contrast between 
which and the main window, which is of flowing tracery, 
is very remarkable. (See Decorated Sttle, Traoert, 
&c.) 

Glass, Glazhto (Fr. verrerie^ vUrail^ Ital. vHro^ inve* 
tratOt Ger. gku). The use of glass to protect apart- 
ments fipum the weather is at least as old as the time 



of the Romans, this material being found in windows at Glotstry. 
Herculaneum and Pompeii. There are also many nume- 
rous specimens of coloured glass, forming various utensils, 
but it does not appear they used this material for windows. 
In England, glass for windows is mentioned as early as 
the time of Benedict Biscop. The earliest stained glass 
known in this country is at Canterbury; this is of the 
Norman period. These windows generally are filled with 
circles, lozenges, or other figures, sometimes nearly touch- 
ing each other, in which scriptural subjects^ are painted ; 
they have small borders, and the rest of the lights are 
filled up with regular patterns. Norman windows are 
remarkable for the extreme brilliancy of their colours, 
particularly the deep blue and the bright ruby, which 
have never been surpassed. In the early English period 
these panels are smaller, and are ofien in the form of 
the vieica piscis. The borders are narrow, and the 
filling in is sometimes of scroll foliage, and sometimes 
of diaper patterns, sometimes the windows are entirely 
. filled with stalks and leaves, running in scrolls over the 
whole surface, the designs being somewhat stiff} like the 
foliage of the period. About thb period windows of 
less importance were ofben filled in with quarry glass, 
that is, lozenge-shaped squares on which a flower, leaf, or 
monogram was painted in black, heightened sparingly with 
colour. Thb method continued in use till the latest 
time. In the Decorated period the pictured subject was 
gradually abandoned, and single figures substituted, stand- 
ing on a pedestal, and with a small canopy over them. 
The filling-in foliage was more flowing ana naturaL At 
the conclusion of this period and commencement of the 
Perpendicular, tiie figures were larger, and the canopies 
and pedestals extremely rich and elaborate. The tracery 
was also filled in with angels bearing scrolls and heraldic 
devices. In the Tudor style the windows gradually 
became large, and regular pictures, covering the whole 
surface, as at King's College Chapel, St Margaret's, 
Westminster, &c. The use of stained glass continued 
up to the time of the great Rebellion, mien the icono- 
clastic spirit which prevailed induced a destruction whidi 
was almost universal, so that original glass is now a 
rarity. (See Leab Work, Quarry.) 

Glyph. (See Triglyph.) 

Grading (Ital. dim. of gradus^ a step). Architects fi*e- 
quently use the plural of this term, gradini, and to gradi- 
nate, instead of the English, steps, and to graduate, per- 
haps without sufficient reason, though they find them use* 
ful to distinguish what they intend from the meaning of 
the latter words in their ordinary acceptation. 

Grange, a word derived from the French, signifying a large 
bam or granary. They were usually long buildings 
with high wooden roofs, sometimes divided by posts or 
colunms into a sort of nave and aisles, and with walls 
strongly buttressed. In England the term is a^^lied not 
only to the bams, but to the whole of the ouildings 
which formed the detached farms belonging to the monas- 
teries ; in most cases there was a chapel either included 
among these or standing apart as a separate edifice. 

Grees or Greeces, a cormption of the French digris^ steps 
or stairs. 

Griffe, a French term for an omament at the angles of 
the base of early pillars, for which we have no proper 
term, see PJate AAlII. fig. 9, from Rochester. It first 
consisted of a smgle lea^ which became more elaborate, 
and was, no doubt, the origin of the foliated bases (tik 
figs. 10 and 13). 

Grille, the iron work forming the indosure-screen to a 
chapel, or the protecting railing to a tomb or shrine; 
they are more common in France than in England. Our 
best example^ perhaps, is that round the tow of Queen 



ARCHITECTURE. 



105 



Glossary. Eleanor in Westminster Abbey — of course they are all 
of wrought iron, ornamented by the swage and punch, 
and put together either by rivets or clips. (See Ibon 
Work). 

Groix, by some described as the line of intersection of two 
vaults where they cross each other, whicli others call 
the groin point; by others the curved section or spandrel 
of such vaulting is called a groin, and by others the whole 
system of vaulting is so called. 

Groin Arch (Fr. arc doubleaux), the cross rib in the 
later styles oC groining, passing at right angles from wall 
to wall, and which divides the vault into bays (trav^es) 
or setferies. 

Groin Ceiling, a ceiling to a building composed of oak 
ribs, the spandrels of which are filled in with narrow thin 
slips of wood. There are several in England ; one at the 
early English church at Warmington, and one at Win- 
chester Cathedral, exactly resembling those of stone. 

Groin Centering. In groining without ribs, the whole 
surface is supported by centering during the erection of 
the vaulting. In later mediaeval work the stone ribs 
only are supported by timber ribs during the progress of 
the work, any light stuff being used while filling in the 
spandrels. 

Groin Point, the name given by workmen to the arris or 
line of intersection of one vault with another where there 
are no ribs. 

Groin Rib (Fr. neff cTarr^te, Ital. costolcty Ger. rippe\ 
the rib which conceals the groin point or joints where 
the spandrels intersect. (See Groined Vaulting. For 
their mouldings, see Rib.) 

Groiked Vaulting (Lat. /oritur, iesiudo, Fr. vouie cTariie, 
Ital. fornice\ the system of covering a building with 
atone vaults which cross and intersect each other, as op- 
posed to the barrel vaulting {voute de herceau) or series 
of arches placed side by side. The earliest groins are 
plain without any ribs, except occasionally a sort of wide 
band fix)m wall to wall to strengthen the construction. 
The Saxon vaulting at Repton and the early Norman 
had the arches intersecting each other without any cross 
ribs, as Plate XXX VIII. figs. 1 and 2, which are a per- 
fective view and plan of the crypt under part of Bow 
Church — a very curious specimen, which is now unfor- 
tunately walled up. In later Norman times ribs were 
added on the line of intersection of the spandrels, cross- 
ing each other, and having a boss as a key common to 
both ; these ribs the French authors call nerf9 en ogive. 
Their introduction, however, caused an entire change in 
the system of vaulting ; instead of arches of uniform 
thickness and great weight, these ribs were first put up 
as the main construction, and spandrels {rempliMage) of 
the lightest and thinnest possible material placed upon 
them, the haunches only being loaded sufficiently to 
counterbalance the pressure from the crown (see fig. 3). 
Shortly after, half ribs against the walls (fonnereis) 
were introduced to carry the spandrels without cutting 
into the walling, and to add to the appearance. Thus, 
in fig. 3, a c, 6 d^ which cross the church, would be arcs 
doMeatix, a d and b e the ogives, and ab^cd, the half 
ribs against the walls. The work was now not treated 
as continued vaulting, but as divided into bays {travies\ 
and it was formed by keeping up the ogive or intersect- 
ing ribs and theu: bosses, a sort of construction havine 
some affinity to the dome was formed, which added 
much to the strength of the groining. Of course, the 
top of the soffit or ridge of the vault was not horizontal, 
but rose from the level of the top of the formeret-rib 
to the boss and fell again, but this could not be per- 
ceived firom below. This system is illustrated in fig. 4, 
and more particularly in fig. 5, where the ridge line is 



shown by a dotted line. Both these are in isometrical Glonary. 
perspective, and the plans are shown below. Indeed, it ^^<«iv^ 
is a curious fact, that this important circumstance had 
escaped the notice of any one till a short time ago. A^ 
this system of construction got more into use, and as the 
vaults were required to be of greater span and of higher 
pitch, the spandrels became larger and wanted more 
support. To give this another set of ribs was introduced, 
passing firom the springers of the ogive ribs, and going 
to about half-way between tKese and the ogive, and meet- 
ing on the ridge of the vault ; these intermediate ribs 
are called by the French tiercerons^ and began to come 
into use in the transition from early English to Decorated. 
Thus, in Plate XX. fig. 2, the ribs rising from the 
vaulting shafts over the centre of the piers are the arcs 
doiibleauXf those rising from the same point and meeting 
over the top of the window are the ogives, while the 
intermediate ribs are the tiercerons. About this period a 
system of vaulting came into use called heocpartite, from 
the &ct that every bay is divided into six compartments 
instead of four, and was invented to cover the naves of 
churches of unusual width. In every bay there are a piate 
set of two arches against each wall, see fig. 5 ; see also xxxviir. 
figs. 6 and 7, which are the elevation and plan of hex- 
partite groining from the chapel of St Blaise in West- 
minster Abbey. The filling of the spandrels in this 
style is very peculiar ; and, where the different compart- 
ments meet at the ridge, some pieces of hardier stone 
have been used, which have radier a pleasing effect. 
This will be best understood by an inspection of fig. 7. 
The arches against the wall being of smaller span than 
the main arches, cause the centre springers to be perpen- 
dicular and parallel for some height, and the spandrels 
themselves are very hollow. As styles progressed, and 
the desire for greater richness increased, another series 
of ribs, called Hemes, was introduced ; these passed cross- 
ways from the ogives to the tiercerons^ and thence to the 
doubleaux, dividing the spandrels nearly horizontally 
(see fig. 11, and Plate XXXIX. fig. 1). These various 
systems increased in the Perpendicular period, so that 
the vaults were quite a net-work of ribs, and led at last 
to the Tudor, or, as it is called by many, fan iracerg 
vaulting. In this system the ribs are no part of the 
real construction, but merely carved upon the vous- 
soirs which form the actual vaulting. In the section of 
these, the four-centered arch was generally used ; the 
method of finding the lines for which see Stonb- Masonry, 
Medubyal, V. 134, &c. Fan Tracert is so called be- 
cause the ribs radiate fi'om the springers, and spread out 
like the sticks of a fiui. These later methods are not 
strictly groins, for the p^ndentives are not square on plan, 
but circular, and there is therefore no arris intersection or 
Groin Point (which see). If we imagine a cone, the 
sides of which are not straight fi'om apex to base, but 
are of the section of the four-centered curve, and if we 
suppose this cone cut in half downwards and inverted, 
and the smaller end placed on the springer, a good re- 
presentation of the pendentive will be arrived at. A per- 
spective delineation of the under surface of a fan vault, 
showing the arch stones with their jointing as viewed 
from below, is given Plate XXXVIII. fig. 9, and an- 
other, fig. 10, as viewed fi^m above, shows the outer or 
upper surface of the same. This method of showing 
the construction of the voussoirs was first suggested by 
M. VioUet-le-Duc. Plaet XXXIX. fig. 1, which is from 
Canterbury, shows the first step to fan vaulting, the 
spandrel of which is not quite circular in plan, but poly- 
gonal ; while fig. 2, whldi is fix>m Winchester, shows 
the same system in its latest and richest form. Of course 
they will not cover the whole surface, but will leave an 
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Olosiary. opening of a form somewhat resembling a lozenge with 
four curved sides (see at a, Plate XXXVIII. fig. 9) ; 
this is filled in with voussoirs carved much like the other 
tracery, and full of ribs ; if these ribs are disposed, as 
they ofien are, in form of stars, this is called Stellab 
Vaulting (see Plate XII., which is from Canter- 
bury). 

Gboins, Welsh, or Underpitch. When the main longi- 
tudinal vault of any groining is higher than the cross or 
transverse vaults which run m>m the windows, the system 
of vaulting is called underpitch groining, or, as termed 
by the workmen, Welsh groining. A very fine example 
is at St George's Chapel, Windsor. 

Ground Table. (See Base of a Wall, Base Table.) 

GuiLOCHE or GuiLOCBOS (Gr. ywoF, a member, and Aoxo9» 
a snare). An interlaced ornament tike network, used most 
frequently to enrich the torus. (Plate VIII.) 

GuTtJS (Lat drops). The small cylindrical drops used to 
enrich the mutules and regulse of the Doric entablature 
are so called. 

Gutter, the channels for carrying off rain-water. Their 
use and formation is given under the various heads of 
Building cansirucH&n, The mediseval gutters differed 
little from others, except they are oflen hollows sunk in 
the top of stone cornices, in which case they are generally 
called channels in English, and eheneau in French. 

Haqioscope, a name lately coined out of two classic Greek 
words, very improperly used to describe certain oblique 
openings in the inside of mediseval buildings for the 
purpose of seeing the altar. (See Squint.) 

Hall (Fr. saUe^ salon, Ital. sola, sahnsy Ger. borsaat)^ the 
principal apartment in the large dwellings of the middle 
ages, used for the purposes of receptions, feasts, &c. In 
the Norman castle the hall was generally in the keep 
above the ground floor (where the retainers lived), the 
basement being devoted to stores and dungeons for con- 
fining prisoners. Later halls, indeed, some Norman 
halls (not in castles), are generally, on the ground floor, as 
at Westminster, approached by a porch either at the end, 
as in this last example, or at the side, as at Guildhall, 
London, having at one end a raised Dais or Estrade, 
(which see). The roofs* are generally open, and more or 
less ornamented. (See Roofs, Medlsyal, figs. 35-47.) 
In the middle of these was an opening to let out the 
smoke (see Louvre, Fuvekell), though in later times 
the halls have large chimney places with funnels or 
chimney shafb for this purpose. At this period there 
were usually two deeply recessed bay windows at each 
end of the dais, and doors leading into the withdrawing- 
rooms or the ladies' apartments ; they are also generally 
wainscoted with oak, in small panels, to the height of 
five or six feet, the panels oflen being enriched. West- 
minster Hall was originally divided into three parts, like 
a nave and side aisles, as are some on the Continent. 
Besides the halls above mentioned, the best known to 
our English readers are those at the Inns of Court and 
Crosby Hall in London, and at Eltham and Hampton 
Court, near the same ; those of the colleges at Oxford and 
Cambridge, Ishtham in Kent, Mayfield in Sussex, &c 

H AMMEB Beam. (See Roof, Mediayal, figs. 42, 43, and 44.) 

Haukgh, Haksb, of a door, a word by some supposed to 
signify the projecting brackets which support the sperver, 
a species or fial canopy or cover to keep off the weather ; 
by others, with more reason, the spandrel or space 
between the arch and the square label over the doors in 
Tudor work. (See Plate XXX. fig. 9. See Sperter.) 



Helix (Gr. cXi^, a wreath or ringlet), used synonymously Glossary. 
with Caulicuins, q. v. It forms in the plural Helices. 

Hemioltph (Gr.i7fiun;s, half, andyXv^, an incision or chan- 
nel). The half-channels, or rather chamfered edges, of 
a triglyph tablet, may be so called. The two hemiglyphs 
are included to make the third channel, and complete the 
triglyph. (See Triglyph.) 

Herring-bone, bricks or other materials arranged dia- 
gonally in building. (See art BviLDisa^^Bricklayer.) 

Hexasttle (Gr. I(, six, and oruXos, a column). A portico 
of six columns in front^ is of this description. Most of 
the churches in London which have porticoes have hexa- 
prostyles. (See Prosttle.) 

Hexpartite, a species of groining where each bay is 
divided into six parts instead or four, as is the more 
usual plan. (See Plate XXXVIII. figs. 6, 6, and 7— 
Groined Vaulting.) 

High Altar, the principal altar in a cathedral or church. 
Where there is more than one, it is generally at the end 
of the choir or chancel, not in the Lady Chapel. At 
St Albans it stood at the end of the nave, close to the 
choir screen. 

Hinge. (See Iron Work.) 

Hip-Knob, the finial on the hip of a roof, or between the 
barge boards of a gable. (See Plate XXXIX. fig. 7 
from Ightham. See Cross, Finial.) 

Hood-Mould, a word used to signify the drip*stone or 
label over a window or door opening, whether inside or 
out; but it seems more properly to be applied to the 
mouldings at the arris of the arch at the inner side of 
such opening. Sometimes these assume the form of a 
label, and have jamb'^shafts. Frequendy the soffit b 
slightly hollowed and finishes with an arris. (See Drip- 
stone, Label.) 

Hotel de Ville (Ital. hroleUo, palazzo communale), the 
town or Guild-hall in France, Germany, and Northern 
Italy. The building in general serves for all purposes 
bearing any relation to the administration of justice, the 
receipt of town dues, the regulation of markets, the resi- 
dence of magistrates, barracks for police, prisons, and for 
all other fiscal purposes. As may be imagined, they differ 
very much in aifferent towns, but it is almost an invariable 
rule that they have attached to them, or closely adjacent, 
a large clock-tower (Beflroi), containing one or more 
bells, intended to call the people together on s|)ecial 
occasions. That from the Signoria at Sienna is given, 
Plate XXIV. fig. 5. 

Hotel Dieu (Fr. maison dieu, Ital. ospedalsy lo spedale), 
the name for an hospital in mediaeval times. In our 
country there are but few remains of these buildings, one 
of which is at Dover ; abroad there are many._ The 
most celebrated is the one at Angers, lately described 
by Mr J. H. Parker. They do not seem to differ much 
in arrangement of plan from th^e in modern days — the 
accommodation for the chaplain, medicine, nurses, stores, 
&c., being much the same in all ages, except that in 
some of the earlier, instead of the sick being placed in 
lone wards like galleries, as we do now, they are in large 
buildings, with naves and side aisles like churches.. We 
mu^t refer to the works of MrParker,of M. VioIlet-le-Duc, 
and to that of MM. Verdier et Cattois, for further details. 

Houses, Timbered. (See Post and Pan Work.) 

Htpjbthral. (See Htfathros.) 

Htpjethros (Gr. viro, under, and oc^po, the air), a temple 
open to the air, or uncovered* The Greeks frequendy 
made the temples of the supreme divinities hypeethral. 



^ The words " in front" are used to prevent the tnUtake which tnlght arise fW>m the aappotltion that all the oolamne in m porttoo 
•hould be coanted to designate it. The porticoesof theehnrchesof St Martin-in-the-Fields, and 8t Mary-le-bone, In London, for iastaaoe, 
have each eight oolumns, hot are hesastjle, nevertheleee, there being bnt six in their front rows respectively. 
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Glossary. For instance, those of Jupiter Olympius at Agrigentum 
in Sicily, of Neptune at Paestum, and of Minerva Par- 
thenon at Atliens, are all of this description. The term 
may be the more easily understood by supposing the roof 
removed from over the nave of a churcii in which co- 
lumns or piers go up from the floor to the ceiling, leaving 
the aisles still covered. In that case it would be hypae- 
thral, afler the manner of the Greek hypethros. The 
Pan^eon in Rome having an opening in the centre of 
the dome, is thereby rendered hypietliral. (See Plates 
IV. and XL figs. 4 and 6.) 

Htpogea (Gr. viro, under, and yrh ^^ earth). Construc- 
tions under the surface of the earth, or into the sides of 
a hill or mountain, are hypogea. 

Htpotracbzlium (Gr. viro, under, and rpaxijAos, the neck), 
the moulding or the groove at the junction of the shaft 
with the capital of a column. In some styles the hypo- 
trachelium is a projecting fillet or moulding, and in others, 
as the Doric, it is composed of a channel or groove, and 
sometimes of more thim one. (Plate XIII. fig. 1 .) 

ICHKOGBAPHT (Gr. i^xy^f ^ footstep or track, and ypa^, a 
description or representation). A plan, or the represen- 
tation of the site of an object on a horizontal plane, is its 
ichnography. The term plan (q. v.) is, however, much 
more frequently used. 

Impost, a term in classic architecture for the horizontal 
mouldings of piers or pilasters, from the top of which the 
archivolts or mouldings which go round the arch spring. 
The word is scarcely applicable to mediaeval architec- 
ture, as the mouldings in general spring from the capital 
of a shafl, or from a corbel ; or they continue without 
breaking down to the base, or till they are stopped by a 
chamfer or a regular base moulding, or they die into a 
plain shaft, or at any rate one of different section. It 
has been proposed to describe the former as conlmuoua 
impost and the other as discontinuous. It seems, how- 
ever, a contradiction in terms to describe an iinpost, 
when confessedly there is none. An example of the 
discontinuous method is given, Plate XVIII. fig. 7. A 
comparison with fig. 8 will show the difference. 

Impost (Lat. impositus^ laid upon). The horizontal con- 
genes of mouldings forming the capital of a pier, or edge 
pilaster, which has to support one leg of an arch, is called 
the impost ; sometimes, and more conveniently, thb term 
is used for the pilaster itself, when its capital is called the 
impost cap or impost mouldings. 

Imtebcolumniatiok (Lat. titter, between, and column, q»v,) 
The distance from column to column, the clear space be- 
tween columns is called the intercolumniation. 

Interlacbd Abches. Arches where one passes over two 
opei^ings, and they consequently cut or intersect each 
other. (See Plate XXIII. fig. 2, from St John's, 
Devizes, and fig. 3, from Canterbury. See Arch, 
Norman Archjtegture.) 

Iron Work, in mediaeval architecture, as an ornament, is 
cliiefly confined to the hinges, &c., of doors and of church 
chests, &c. That this species of ornamentation was in 
use among the Saxons, we have the authority of various 
manuscripts. This people, however, as is well known, 
were famed as workers in metal. Specimens of Nprman 
iron work lu*e very rare. Of early English there are 
many, and they are very elaborate. In some instances, 
not only do the hinges become a mass of scroll work, but 
the surface of the doors are covered by similar orna- 
ments. In both these periods, the design evidently par- 
takes of the feeling exhibited in the stone or wood carv- 
ing. In the Decorated period the scroll work is more 
gniceful, and, like the foliage of the time, more natural. 
As styles progressed, there was a greater desire that the 
framing of the doors should be richer, and the ledges were 



chamfered or raised, then panelled, and at last the doors Glossary, 
became a mass of scroll panelling. Thb, of course, in- 
terfered with the design of the hinges, the ornamenta- 
tion of which gradually grew out of vogue. In almost 
all styles, the smaller and less important doors had 
merely plain strap hinges, terminating in a few bent 
scrolls, and latterly in fleur-de-lys (see Door). Escutcheon 
and ring handles, and the other furniture, partook more 
or less of the character of the time. On the Continent, 
the knockers are very elaborate. At all periods doors 
have been omamentecl with nails having projecting heads, 
sometimes square, sometimes polygonal, and sometimes 
ornamented with roses, &c. The iron work of windows is 
generally plain, and the ornament confined to simple fleur- 
de-lys heads to the stancheons. The iron work, as screens 
inclosing tombs and chapels, is treated of (see Grili.e) 
where the method of putting it together is described. 

Jamr, the side-post or lining of a doorway or other aper- 
ture. The jambs of a window outside the fi'ame are 
called reveals. 

Jamb- Shaft. Small shafts to doors and windows with 
caps and bases ; when in the inside arris of the jamb of a 
window they are often called Esconbon (which see), but 
apparently without authority. 

Jambette, a French term for the upright ashlar piece 
between the inside of the plate and the rafters. (See 
Roofs, Medlsval.) 

Ji7B]£, one of the names of the ambo or reading desk in the 
early Christian church. In later times, a term especially 
applied to the rood-loft or gallery over the screen, whence 
the words " Jube Domine benedicere," &c. were read. 

Keel-Mouldino, a round on which there is a small fillet, 
somewhat like the keel of a ship (see Plate XXXII. figs. 
II, 16, and 18). It is common in the early English 
and Decorated styles. 

Keep (Fr. donfon, Ital. niaschio)^ the inmost and 
strongest part of a mediaeval castle, answering to the 
dtadel of modern times. The arrangement is said to 
have originated with Gundulf, the celebrated Bbhop of 
Rochester. The Norman keep is generally a very mas- 
sive square tower; the basements or stories partly be- 
low ground being used for stores and prisons. The 
main story is generally a great deal above ground 
level, and with a projecting entrance, approached by a 
flight of steps, and with a drawbridge. This floor is 
generally supposed to have been the guard-room or place 
for the soldiery ; above this was the hall, which generally 
extended over the whole area of the building, and b 
often separated by columns ; above this are other apart- 
ments for the residents. There are winding staircases 
in tlie angles of the buildings, and passages all round in 
the thickness of the walls. The keep was intended for 
the last refuge in case the out-works were scaled, and the 
other buildings stormed. There is generally a well in a 
mediaeval keep, ingeniously concealed in the thickness 
of a wall, or in a pillar. The most celebrated of Norman 
times are the White Tower in London, the castles at 
Rochester, Newcastle, Castle Hedingham, &c. The 
keep was often circular, as at Conisboro' and Windsor. 

Key-Stone, in classic architecture, the centre voussoir 
of an arch, often ornamented with carving. In Pointed 
architecture there is no key-stone. For those to groined 
arches, see Boss. * 

Knob, Knot, the bunch of flowers carved on a Corbel 
(see Plate XXVIII. figs. 7, 8, and 9), or on a Boss (see 
Plate XXV. figs. 2, 3, and 5). 

Label, the outer projecting moulding over doors, windows, 
arches, &c., &:c., sometimes called Dripstone or Weather 
Moulding^ Hbod^MoukL The former terms seem 
scarcely appHcable, as this moulding is often found inside 



108 



ARCHITECTURE. 



Olossarj. a building where no weather could come, and conse- 
quently no drip. The latter term is described, see Hood- 
Mould. In Norman times the label frequently did not 
project at all, and when it did it was very little, and formed 
part of the series of arch mouldings (see at A, Plate 
aXXII. fig. 4 ; see also Plate XVIII. figs. 5 to 8; and 
Plate XXXIV. Labels, figs. 1 and 2). In the early 
English styles they were not very large, sometimes 
slightly undercut, as Plate XXXIV. fig. 3, sometimes 
deeply, as fig. 6, sometimes a quarter round and chamfer, 
fig. 4, and very frequently a "roll" or "scroll moulding" 
(t6. fig. 5), so called because it resembles the part of a * 
scroll when the edge laps over the body of the roll. In 
the following periods the usual sections are given, i6. figs. 
8 to 11, and in the Perpendicular, 12 to 17; see also 
Plate XXXII., and the other plates of doors, windows, 
arches, &c. Labels generally resemble the string-courses 
of the periods, and in fact oflen return horizontally and 
form strings. They are said to be less common in Con- 
tinental architecture than in English. (See Dripstone, 
Hood-Mould, Strikq.) 

Label Terioxations, carvings on which the labels 
finished near the springing of the windows. In Norman 
times these were fi'equently grotesque heads of fish, birds, 
&c. Sometimes stin foliage, as Plate XXIX. fig. 8, from 
Shoreham. In the early English and Decorated periods, 
they are often elegant knots of flowers, or heads of kings, 
Queens, bishops, and other persons supposed to be the 
founders of churcht'S. In the Perpendicular period they 
often finished with a short, square mitred return or knee, 
and the foliages are generally leaves of square or octa- 
gonal form. See Plate XXIX. figs. 10, 1 1, and 12 ; see 
also the various plates of arches, windows, &c., pcusim, 

Lacukar (Lat.), a panelled or coffered ceiling or soffit. The 
panels or cassoons of a ceiling are more classically called 
lacunaria. 

Lancet. A term familiarly applied to the simplest form 
of the Pointed arch, which is that of the outer end of the 
surgical instrument, the lancet. 

Lancet Arch, a pointed arch of sharper pitch than the 
equilateral. (See Stone-Masonry, MEDiiBVAL, fig. 63.) 

Lantern, a name oflen applied to the louvre or fumereu 
on a roof to carry off the smoke. Sometimes to the open 
construction at the top of towers, as at Ely Cathedral, 
Boston in Lincolnshire, &c.; probably so called because 
lights were placed in them at night to serve as beacons. 

Lantern (Lat. lantertid), a turret raised above a roof or 
tower, and very much pierced, the better to transmit 
light. In modern practice this term is generally applied 
to any raised part in a roof or ceiling, containing vertical 
windows, but covered in horizontally. 

Lantern of the Dead, curious small slender towers, 
found chiefly in the centre and west of France, having 
apertures at the top where a light was exhibited at night 
to mark the place of a cemetery. It is not improbable 
the round towers in Ireland may have served for this 
purpose. 

Lantern Tower, towers with an open octagonal story 
at the top, intended to hold a beacon lighL There is a 
very fine Decorated example at Ely, anaone of the Per- 
pendicular period at Boston. (See Tower.^ 

Layabo (Fr. lavoir, Ital. lavatoio\ the lavatory for 
washing hands mostly erected in the cloisters of monas- 
teries. Those at Gloucester, Norwich, Lincoln, are best 
known. A very curious one at Fontenay, surrounding 
a p.llar, is given by Viollet-le-Duc, q, v. In general it 
is a sort of trough, and in some places has an aumbry for 
towels, &c. 

LiCH Gate, 'a covered gate at the entrance of a cemetery, 
under the shelter of which the mourners rested with the 



corpse, while the procession of the clergy came to meet Glossary, 
them. There is a very fine one at Ashwell, Herts. 

LiERNE Rib, a rib crossing nearly horizontally from the 
ogive ribs to the tiercerons or the (ires doubleaux, or 
forming patterns in fan and stellar vaulting. (See 
Groined Vaulting.) 

Light, the portions of a window usually glazed between 
the mullions, as at A, Plate XXXVI. fig. 13. The upper 
lights, B, are called batemeni lights ; and at C, angell^ 
or more probably angle lights. 

Linen Pattern, a name given to a pattern on the wooden 
panels of the Tudor period. (See Panel.) 

Lip Mould, a moulding of the Perpendicularperiod like a 
hanging lip. See the buttress caps, Plate aXV. fig. 12, 
and the lower mouldings (bases), Plate XXXIV. figs. 9, 
10, IL 

Looker, a small aumbry. (See Almert.) 

Loft, the highest room in a house, particularly if in the 
roof; also a gallery raised up in a church to contain the 
rood, the organ, or singers. 

Loop Hole ( Fr. archUre, meurtri^e, Ital. feritare)^ 
openings in the walls of buildings, very narrow on the 
outside, and splayed within, from which arrows or darts 
might be discharged on an enemy. They are often in 
the form of a cross, and generally have round holes at 
the ends. (See Otlbts.) 

LouYRE, lanterns upon the roofs of halls for the passage 
of the smoke, when the fire was made on the pavement 
in the middle. (See Fumerell, Lantern.) 

LuCARNE, a French term for a garret window ; also used 
to signify the lights or small windows in spires. (See 
Plate XXXV. figs. 3, 4, and 5.) 

LuFFERS, probably Louvres, pieces of board, slate, or 
stone, placed slanting so as to exclude the rain, but to 
allow tne passage of smoke, the sound of bells, &c. (See 
Plate XXXV. fig. 4.) 

Lunette, the French term for the circular opening in the 
groining of the lower stories of towers through which the 
bells are drawn up. 

Machicolation (Fr. machicollis) openings between a 
wall and a parapet, formed by corbelling over the latter, 
so that the defenders of the building might throw down 
darts, stones, and sometimes hot sand, melted lead, &c., 
upon their assailants below. 

Manor House, the resident of the suzerain or lord of the 
manor ; in France the central tower or keep of a castle 
is oflen called the tnanoir. (See Donjon, Keep.) 

Masonry. (See separate article Stone-Masonrt.) 

Merlon, the solid part of a parapet between the embra- 
sures of a BATTLEMENT (which See) ; they are sometimes 
pierced by loop-holes. 

Metope (Gr. furomf^ a middle space), the square recess be- 
tween the triglyphs in a Doric frieze. It is sometimes 
occupied by sculptures. (Plates IV. and V. fig. 4.) 

Mezzanine (Ital. mezzaninOj dim. of mezzo, the middle), a 
low story between two lofty ones. It is called by the 
French entresol, or inter-story. 

Minster, said to be from the German munster, but more 
probably a corruption of monasterium — ^the large church 
attached to any ecclesiastical establishment. If the latter 
be presided over by a bishop, it is generally called a 
Cathedral, if by an abbot, an Abbey, if by a prior, a 
Priory (all which see). 

Miserere (Fr. Misericorde, Ital. PredeUa), seats in the 
stalls of large churches made to turn up and a£Ford 
support to a person in a position between sitting and 
standing. The under side is generally carved with some 
ornament, and very oflen with strange grotesque figures 
and caricatures of different persons. (See Stall.) 

Mitre. A moulding returned upon itself at right angles 
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Criossary. ig ssud to mitre. In joinery, the ends of anv two pieces 
of wood of corresponding form cut off at 45 necessarily 
abut upon one another so as to form a right angle, and 
are said to mitre. 

MoDiixiON (Lat. modulus, a measure of proportion), so 
called because of its arrangement in regulated distances ; 
the enriched block or horizontal bracket generally found 
under the cornice of the Corinthian entablature. (Plate 
XIII. fig. 1.) Less ornamented, it is sometimes used in 
the Ionic. (See also Mutdle.) 

Module (Lat. tnodulus^ from modus^ a measure or rule). 
This is a term which has been generally used by archi* 
tects in determining the relative proportions of the various 
parts of a columnar ordinance. The semi-diameter of the 
column is the module, which being divided into thirty 
parts called minutes, any part of the composition is said 
to be of so many modules and minutes, or minutes alone, 
in height, breadth, or projection. The whole diameter 
is now generally preferred as a module, it being a better 
rule of proportion than its half. 

MoMASTEBY, a Set of buildings adapted for the reception 
of any of the various orders of monks, the different parts 
of which are described under the article Abbet ; the 
word is often used in opposition to that of Fbiabt. 

MoNOPTEBOL. (See Monoftebos.) 

MoNOPTEBOS (Gr. fUTvos, one, or single, and irrcpov, a wing). 
This term is incorrectly used by Vitruvius to describe a 
temple composed of a circular range of columns support- 
ing a tbolus, cupola, or dome, but without walls. (See 
Pebiftebal.) Such an edifice would be more correctly 
designated as Cyclostylar, q, v. 

MoxoTBiGLTPH (Gr. fumK, one, or single, and triglyphj q.v,) 
The intercolumniations of the Doric order are deter- 
mined by the number of triglyphs which intervene, in- 
stead of the number of diameters of the column, as in 
other cases ; and this term designates the ordinary inter- 
coluroniation of one triglyph. (Plate V. fig. 1.) 

Monument, a name given to a tomb, particularly to those fine 
structures recessed in the walls or mediaeval churches. 

Mosaic (Lat Opus musitmmj Ital. Musaico, Fr. Mo- 
zaique\ pictorial representation, or ornaments formed of 
small pieces of stone, marble, or enamel of various 
colours. In Roman houses the fioors are often entirely 
of mosaic, the pieces being cubical. There are severid 
fine specimens in Westminster Abbey, particularly the 
pavement of the choir. 

Moulding (Lat« Modulus, Ital. ModituUura, Fr. Mou- 
lure, Grer. Seniswerh). When the &ce or edge of any 
work is wrought into long regular channels or projec- 
tions, the sections of which form various curves or rounds, 
hollows, ogeess &c., it is said to be moulded, and each 
separate meii^er is called a moulding. In mediaeval 
architecture the principal mouldings are those of the 
arches, doors, windows, piers, &c. The remains of 
Saxon work are so few that we can tell but little about 
tliese mouldings. The arches have sometimes a simple 
rib on them, as Plate XXXII fig. 1, sometimes cham- 
fered, as fig 2, and sometimes are quite plain, as Plate 
XXIII. fig. 1. Early Norman work is much the same. 
By degrees, however, the arrises were finished by a 
round or bowtell, as Plate XXXII. fig. 4 and fig. 9, 
which gradually were more numerous, as fig. 3. Later, 
hollows and rounds together became common, and the 
arches were set back one behind another, each being 
fi^eouently supported by a jamb-shafl or column, as Plate 
XvIIL' figs. 6, 6, and 8, though very often the arch 
mouldings continued down the jambs without any 
break, as &^ 7. The section is a series of squares set 
one behinf another, as Plate XXXII. fig. 9, where the 
circles and faint lines show the jamb-shafls, and the 



squares they stand in, and the shaded lines show the arch GloMary 
mouldings. Larger arches were more elaborate. See 
fig. 6 from Shoreham, of which an elevation is given in 
Plate XXIII. fig. 6 and i^g. 9 from Great Grimsby. 
Fillets and splays are common in early styles, but ogees, 
whether direct or reversed, are rare for omameitted 
mouldings. (See the next article.) In the early Eng- 
lish style, the mouldings, for some time, like those of 
the preceding period, formed groups set back in squares, 
as Plate XXXII. figs. 8, 13, and 14; they are smaller, 
lighter, more graceful, and firequently very deeply under- 
cut. See above, and see also Plate AXXIV. figs. 4 and 

5 (capitals), and figs. 6 and 8 (strings). The scroll 
moulding, fig. 5 (strings), is also common. Small fillets 
now became very frequent in the outer parts of the rounds. 
(See Plate XXXII. figs. 1 1, 16, and 18.) This has often 
been called the keel moulding, from its resemblance in 
section to the bottom of a ship ; sometimes also it has 
a peculiar hollow in each side like two wings, fig. 11. 
In smaller doorways and windows the mouldings are fre- 
quently simply a succession of hollows, as Plate XXX II. 
fig. 5. As styles progressed, the arch stones seem first 
to have been chamfered, on which, or rather in which 
face the mouldings seem to have been sunk, instead of 
being arranged in squares as before. Later in the 
Decorated style the mouldings are more varied in design 
(see fig. 18), though hollows and rounds still prevail. 
The undercutting is not so deep (compare fig. 3 with figs. 

6 and 8, Plate XXXIV. strings, also figs. 4 and 6 with 
figs. 8 and 9 cctpitals), fillets abound, ogees are more fre- 
quent, and the wave mould, double ogee, or double res- 
saunt, is often seen (Plate XXXII. fig. 19). In many 
places the strings and labels are a round, the lower half 
of which is cut off by a plain chamfer, fig. 17, Plate 
XXX IV. fig. 4 (strings). The mouldings in the latest 
styles in some degree resemble those of the Decorated, 
flattened and extended ; they run more into one another, 
having fewer fillets, and being as it were less grouped. 
One of the principal features of the change is the substi- 
tution of one, or perhaps two (seldom more) very large 
hollows in the set of mouldings. (Plate XXXII. figs. 
24, 25, 26, and 27). These hollows are neither circular 
nor elliptical, but obovate, like an egg cut across, so that 
one-half is larger than the other. The wave mould also 
has a small bead, where the two ogees meet, and is called 
a brcuse mould. Another sort of moulding which has 
been called a lip mould is common in parapets, bases, and 
weatherings. (See 'the sets-off of the buttresses at St 
Laurence, Evesham, Plate XXV. fig. 12 ; see also the 
lower part of the plinth mould, Plate XXXIV. fig. 11). 

Mouldings, eccentric curves of various kinds, intended to 
enrich and ornament, by producing light and shade, and 
obviating the monotony attendant on many fiat and an- 
gular surfaces. They may be variously carved to. in- 
crease their efficiency. The most usual forms of mould- 
ings are called the cyma-recta and reversa, cavetto, scotia, 
torus, astragal or bead, and the echinus or ovale, q. v. 
Plate VIII. In Pointed architecture, mouldings are not 
limited either to those names or to the forms they are in- 
tended to designate, nor indeed is any other style, except 
by absurd custom and authority. 

Mouldings Obnamented. The Saxon and early Norman 
mouldings do not seem to have been much enriched, but 
the complete and later styles of Norman are remarkable 
for a profusion of ornamentation, the most usual of which 
is what is called the zig-zag. These seem to be to 
Norman architecture what the meander or fret was to 
the Grecian, but, however, was probably derived from the 
Saxons, as it is very frequently found in their pottery. 
Plate XVIII. figs. 3 and 4, and Plate XXXIII. figs. 2, 
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Qlouary. 3, and 6, show examples on various scales. Bezants, 
Plate XXXIII. fig. 1 ; quatrefbils, fig. 2 ; lozenges, 
fig. 3 ; crescents, fig. 4 ; billets, fig. 6 ; heads of nails, 
Plate XXIII. fig. 3, are very common ornaments ; 
besides these, battlements, cables, large ropes, round 
wrhich smaller ropes are turned, or as our sailors say, 
'* wormed," scallops, pellets, chains, a sort of coniod 
barrels, quaint stiff foliages, beaks of birds, heads of 
fish, almost every conceivable ornament is sculptured in 
Norman mouldings ; besides this, they are used in such 
profusion as has been attempted in no other style. (See 
the doorways at Iffley Church, Plate XVIII. figs. 7 
and 8.) The decorations on early English mouldings are 
chiefly the dog-tooth (Plate XXXIII. figs. 9, 12, and 
14), which seems to be one of the great characteristics 
of this style, though it is to be found in the Transition 
Norman ; and the peculiar stifi^ foliages of the period either 
disposed in single leaves or flowers at intervals or in 
scrolls running along the mouldings. In this period and 
in the next, the tympanum over doorways, particularly if 
they are double doors, is highly ornamented. See Plate 
XaX. fig. 2 from Westminster, Bg. 3 from Higham 
Ferrers, fig. 5 from York, fig. 6, a very curious specimen, 
from Tournay, &c. Those of the Decorated period re- 
resemble the former, except that the foliage is more natural 
(see third article), and the dog-tooth gives way to the 
baU'flower (Plate XXXIII. figs. 10, 13). Some of the 
hollows also are ornamented with rosettes set at intervals, 
which are sometimes connected by a running tendril, as 
the ball-flowers are frequently. Some very pleasing leaf- 
like ornaments in the labels of windows are oflen found in 
Continental architecture, as Plate XXIII. fig. 8, Plate 
XXXVII. fig. 2 from Lucca, fig. 3 from Le Mans, and 
fig. 7 from Venice. In the Perpendicular period the 
mouldings are ornamented very firequently by square four- 
leaved flowers set at intervals, but the two characteristic 
ornaments of die time are running patterns of vine leaves, 
tendrils, and grapes in the hollows, which by old writers 
are called '' vignettes in casements" (Plate XXXIII. fig. 
22 from Westminster), and upright stiff leaves, trenerally 
called the Tudor leaf (ih. kg. 20 from St. Stephen's 
Hall). On the Continent mouldings partook much of 
the same character; Plate XXXIII. fig. 7 is firom 
Soissons, fig. 13 and 16 from Rouen, figs. 15 and 19 firom 
Amiens, figs. 17 from Seez, fig. 18 from the Sainte Cha- 
pelle at Paris, and Bg. 21 firom Bourges. 
MuLLiOM, MuNiON, oflen corrupted into muniingf monyal, 
(Fr. meneau ; Ital. regolo / Ger. fensier-pfoste). The 
perpenoicuiar pieces of stone, sometimes like columns, 
sometimes like slender piers, which divide the bays or 
lights of windows or screen work from each other. They 
originated, no doubt, firom the stout shafts or baluster 
column dividing the lights of windows in the earliest 
times (Plate XXXV. fig. 2), which is supposed to be 
Saxon. Later, the.^^e became regular columns, with caps 
and bases, as the lower windows (fig. 3 from St Albans), 
and sometimes the shafl is attached to a pier, as Plate 
XVIII. fig. 9 from the School of Pythagoras at Cam- 
bridge. In the early English style the divisions be- 
came strong piers, sometimes merely plainly chamfered, 
sometimes moulded, and sometimes ornamented with 
clustered jamb-shafts, as at Beverley (Plate XIX. 
fig. 1). I'hese piers became more slender, as Plate 
XXX Y I. fig 4 from Warmington, and began, more or 
less, to branch, as in fig. 3 from Wenham, and fig. 5 from 
Chester, where they are regular nmllions, the upper parts 
of which develop themselves in Tracebt (figs. 6 and 7 
from the same cathedral). In all styles, in less important 
work, the muUions are often simply plain chamfered, 
and more commonly have a very flat hollow on each 



side. In larger buildings there is often a bead or Glosmry. 
bowtell on the edge, and oflen a single very small 
column with a capital ; these are more frequent in 
foreign work than in English (Plate XXXVII. fig. 2 from 
Lucca, fig. 7 fh>m Venice), but tliese columns are rare in 
Perpendicular work. Instead of the bowtell they often 
finish with a sort of double ogee (Plate XXXIV. figs. 
A and B). As tracery grew • richer, the windows were 
divided by a larger order of muUion, between which came 
a lesser or subordinate set of muUions which ran into 
each other, as shown at Plate XXXIV. fig. A, as will be 
explained hereafter. (See Elkment, Traceby.) 

MuTULE (Lat. mtUtdwff a stay or bracket), the rectangular 
impending blocks under the corona of the Doric cornice, 
from which gutta or drops depend. Mutule is equivalent 
to modillion, but the latter term is applied more particu- 
larly to enriched blocks or brackets, such as those of Ionic 
and Corinthian entablatures. 

Mtncherrt, a name for a nunnery still sometimes in use. 
It is derived from the Anglo-Saxon minicene, mynecene^ 
a nun. 

Naos (Gr. voos, a temple). This term is sometimes used 
instead of the Latin cella, as applied to the interior; 
strictly, however, it means the body of the edifice itself, 
and not merely its interior or cell. 

Nabthsx, from the Greek vdp^, a ferula or rule, tlie 
long arcaded porch forming the entrance into the Chris- 
tian basilica. Sometimes there was an inner narthex or 
lobby before entering the church. When this was the 
case, the former was sailed exo-narthex, and the latter 
eso-narthex. 

Nave (Lat. narisj Ital. navata^ Fr. nef^ Ger. 8ehiff\ 
the central part between the arches of a church, which 
formerly was separated from the chancel or choir by a 
screen. It is so called firom its fancied resemblance to 
a ship. Here in general were the pulpit and font. 
Abroad, here also is often a high altar, but this is of 
rare occurrence in England. Instances, however, are to 
be found at Durham and St Albans. It is also said 
there was formerly an altar at the west end of the nave 
in the first cathedral at Canterbury and at St Gall, as 
there is now at the cathedrals of Worms, Nevers, and 
some other instances. 

Necking, the annulet or round, or series of horizontal 
mouldings, which separates the capital of a column from 
the plain part or shaft. (See the various Plates.) In 
Norman work they are often corded (Plate XXVI. figs. 
9 and 1 1). 

Nervurb. The French name for the ribs or groining. 
(See Groinino, Liebne, Rib, &c.) 

Newel (Fr. nayau^ Ital. albero (Tuna seala, Ger. jpin- 
del). In mediaeval architecture, the circular ends of a 
winding staircaiie which stand over each otlier, and 
form a sort of cylindrical column, are called newel or 
nowell. 

Niche (Fr. nichej Ital. nicchia^ Ger. nisehe\ a recess 
sunk in a wall, generally for the reception of a statue. 
They sometimes are terminated by a simple label, but 
more commonly by a canopy^ and with a bracket or 
corbel for the figure, in which case they are often called 
tabernacles. Sometimes they stand singly (as Plate 

XXII. fig. 1, the upper part), and sometimes form a 
range like an arcade (see the same fig. in the lower part). 
(See also figs. 8, 10, and 11 ; for details of the canopy, 
pedesul, &c., see also Plate XXIII. fig. 5.) They are 
very frequently recessed into buttresses (Plate XXI. fig. 
1, see also Plate XXV. fig. 11). A curious instance of a 
sort of projecting niche, forming a bell-cot, is given, Plate 

XXIII. fig. 16. (See Bracket, Corbel, Taberkacls.) 
Norman Architecture, the style prevailing during the 
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Glossary, rule of the Noraums in this country, which may be con- 
sidered as earUf^ complete^ and tranntiony or Anglo- 
Norman, as it is sometimes called. Early Norman is 
generally plain and massive, and does not seem to have 
differed much firom that of the Saxons, the arches being 
quite plain, with square arrises, as Plate XXIII. fig. 1, 
or one arch behind another, as Plate XVIII. fig. 1. The 
capitals were of very peculiar shape. (See Plate XXIII. 
fig. I ; see also Capital.) In complete Norman the 
work became by degrees much richer, till in many 
instances it was one mass of ornamentation. (See Plate 
XVIII. figs. 7 and 8.) The doorways then were deepljr 
recessed, and frequently had the peculiar features of 
a level lintel, and on which was a space or tympanum^ 
often richly carved. The piers at first were sometimes 
square, as Plate XVIII. fig. 1, or cylindrical, figs. 2 and 
3, sometimes ornamented with zig-zags, as fig. 4 from 
Waltham Abbey. (The same thing is also found at Nor- 
wich and Durham.) Sometimes they have small shafts 
set round them. Very frequently the cylindrical piers 
alternate with octagonal (see Plate XXIII. fig. 9 from 
Rochester). The groining is generally plain. In the 
later or transition Norman the arches (which up to this 
time were invariably circular) are occasionally pointed. 
Sometimes circular and pointed arches are mixed (see 
Plate XVIII. fig. 10 ft-om 6aHreston). They are also 
frequently interlaced (Plate XXIII. figs. 2 and' 3). For 
ftiller information on all these points see Abch, But- 
tress, CAPriAL, DooRWAT, Gable, Groinino, Keep, 
MouLDiNo, Ornamented Ditto, Parapet, Pier, 
Porch, Roof, Tower, &c. 
OcTAanufi (Gr. offrvn, eight, and aroko^^ a column). A por- 
tico of eight columns in firont. (See note to Hex asttlb.) 
There Is no portico in London of this description at pre- 
sent, though the upper one of the west front of St Paul's 
(Plate XV.) is of eight columns ; but they are coupled, 
making the arrangement tetrastyle. It may indeed be 
called a pseudo-octa-prostyle. (See Pseudo-prostyle.) 
Oeillets, or Otlbts, a name sometimes applied to the 
arrow slits in towers, &c. ; but it seems more probable its 
strict meaning is the round hole or circle with which 
these terminate. (See Loop Hole ; see also Otlment.) 
OoBS (Lat. cyma^ cymaiiwn^ Ital. gola driUay gola a 
roveteiOf Fr. cimaise, daueine^ gorge^ geule^ geule re- 
venSe^ taiony Ger. rehleister), the name aiypfied to a 
moulding, partly a hollow, and partly a round, and 
derived no doubt firom its resemblance to an O placed 
at the top of a G. It is rarely found in Norman 
work, and is not very common in early English. In 
the Decorated it is of firequent use, where it becomes 
sometimes double, and is called a wave moulding, and 
later still, two waves are connected with a small bead, 
which is then called a brace moulding. In ancient MSS. 
it is called a reseauni (which see; also Plates XXXII., 
XXXIII., XXXIV, &c). 
OoiYB, a term applied by the French to the pointed arch. 
OoiYB Rib, the main ribs which cross each other on the 
intersection of the vaulting. (See Groined Vaultino.) 
Opisthodomus (Gr. oirto^cy, behind, and BofUKy a house or 
other edifice), the part behind a Greek temple correspond- 
ing with the ixonaos before it. (See Pronaos.) 
Oratory (Fr. craiaire)y a place or small chapel for prayer 
for the use of private individuals, generally attached to a 
mansion, and sometimes to a church* The name, how- 
ever, is given abroad to small chapels built to commemo- 
rate some miracle or special deliverance. (See Chapel.) 
Order, the name given to the subordinate mullions and 
tnurery which are of smaller size than others in the 
same window, &c., and whose mouldings fall in with the 
others as shown. (See Muluon, Traobrt.) Also to 



the groups of mouldings arranged on square faces set- Glotsary. 
ting back behind one another in Norman and early Eng- ' 
lish work, and not cut in on the splayed faces of the 
jambs and arch moulds, as in subsequent periods. (See 
various examples, Plate XXXII., particularly 6 and 9.) 
Order. A column with its entablature and stylobate is so 
called. (Plate XIII. fig. 1.) The term is the result of 
the dogmatic laws deduced from the writings of Vitru- 
vius, and has been exclusively applied to those arrange- 
ments which they were thought to warrant. 
Ordinance, a composition of some particular order or style. 
It need not, however, be restricted to a columnar com- 
position, for it will apply to any species which is subjected 
to conventional rules for its arrangement. 
Oriel or Oryel. (See Bay Window.) 
Orthoorapht (Gr. opOoi, straight or true, and ypa^, a 
description or representation.) A geometrical elevation 
of a building or other object, in which it is represented as 
it actually exists, or may exbt, and not perspectively, or 
as it would appear, is called its orthography. 
Orthosttle (Gr. opOo% straight or true, and (ttvAos, a co- 
lumn), any straight range of columns. This is a term 
suggested to designate what is generally but improperly 
called a peristyle, q, v. ; that is, columns in a straight row 
or range, but not forming a portico. 
Ossuary. (See Charnel House.) 
OvALO (Ital.), egg-formed (see Echinus). This is the name 
roost commonly applied to the moulding which appears 
to have originated in the moulded head of the Doric co- 
lumn, and, with an abacus, forming its capital. 
Oylments, a word used in the Beauchamp Roll, signify- 
ing the small quatrefoil lights in the head of a Perpen- 
dicular window. 
Pace, the landing on a broad step in a stair, also any 

stage raised above the floor. (See Dais, Estrade.) 
Pan. (See Post and Pan.) 

Pane, probably a diminutive of panneauy a term applied 
to a bay of a window, compartment of a partition, side of 
a tower, turret, &c. (See Bay, Lioot.) 
Panel (Fr. panneaUy Ital. quadrelloy formelioy Gr,feld)y 
properly the piece of wood firamed within the styles, 
and rails of a door, filling up the aperture, but often ap- 
plied both to the whole square fi^ame and the sinking 
itself; also to the ranges of sunken compartments in cor- 
nices, corbel tables, groined vaults, ceilings, &c In 
Norman work these recesses are generally shallow, and 
more of the nature of arcades. In early English work 
the square panels are ornamented with quatrefoils, 
cusped circles, &c. (see under the lower windows, Plate 
XX. fig. 1), and the larger panels are often deeply recessed, 
and form niches with trefoil heads and sometimes canopies. 
In the Decorated style the cusping and other enrichments 
of panels become more elaborate, and they are often filled 
with shields, foliages, and sometimes figures. Towards 
the end of this period the walls of important buildings 
were often entirely covered with long or square panels, 
the former frequently forming niches with statues. (See 
the west ftont of York Minster, Plate XXI. fig. 1.) The 
use of panels in this way became very common in Per- 
pendicular work, the wall fi'equently being entirely 
covered with long, short, and square panels, which lat- 
ter are frequently richly cusped (see Plate XXII. fig. 7), 
and filled with every species of ornament, as shields, bosses 
of foliage, portcullis, lilies, Tudor roses, &o. Wooden 
panelings partook very much of the character of stonci 
except in the Tudor period, when the panels were en- 
riched by a varied desien, imitating the plaits of a piece 
of linen, or a napkin folded in a great number of parallel 
lines. This is generally called the linen pattern. Wooden 
ceilings, which are very common, are composed of thin 
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Glossary. oak boards nailed on to the rafters, collars, &c^ and 
divided into panels by oak mouldings fixed on them, 
with carved bosses at the intersections. (See Wascon 

Roop.) 

Paradise, Paryise, Parvtce, a word of uncertain origin, 
but supposed to be a corruption of paradisuSf an in- 
closed garden. They seem to have been open places 
surrounded with an enceinte or stone parapet in front ot 
cathedrals or other great buildings, and probably were 
used to keep the people from pressing on and confusing 
the marshalling of the public processions. That at 
Notre Dame, at Paris, is of irregular shape; that at 
Amiens was round. Nothing of the kind is led in Eng- 
land, though, from a passage in Chaucer, it is supposed 
there was one in the front of Westminster Hall. The 
Promptorium Parvuhrum calls a parvyce parlalorium^ 
a place for conversation. In the late fashion for coining 
names for the various parts of Gothic edifices, and apply- 
ing old and imperfectly understood terms at random, the 
small chambers of er porches have been called parviseSy 
but without any shadow of reason. The irregularly- 
shaped cloister at Chichester is still called a paradise. 

Parapet (from the Italian parapetto^ something which 
comes against the breast, i.e., to lean against, Fr. parapet^ 
Ger. brustwehr), a dwarf wall along the edge of a roof, or 
round a lead flat, terrace walk, &c.,to prevent persons firom 
falling over, and as a protection to the defenders in case of 
a siege. Parapets are either plain, embattled, perforated, 
or panelled. The two last are found in all styles except 
the Norman. Plain parapets are simply portions of the 
wall generally overhanging a little, with a coping at the 
top and corfte/ table below. Embattled parapets are fully 
described. (See Battlemekt.) Perforated parapets are 
those which are pierced in various devices — as circles, 
trefoils, quatrefoiis, and other designs — so that the light 
is seen through ; see the lower part of fig. 1 1, Plate 
XXIV., and Plate XXXIX. fig. 3. Panelled parapets 
are those ornamented by a series of panels, either oblong 
or square, and more or less enriched, but are not per- 
forated. ' These are common in the Decorated and rer- 
pendicular periods. (See Battlement, Cornice, Corbel 
Table, &c.) 

Pabascenium, in a Greek theatre, the wall at the back of 
the stage. 

Parastas (Gr. irapcurrof, standing before), antae or end 
pilaster. This is the Greek term for which the Latin 
antse is generally used. It has the same meaning, and 
tliey may be used alternatively. (See Antjb.) 

Parclosb, a word used for any inclosure to a chantry, 
tomb, &c. (See Screen.) 

Parement, a French term for the outside ashlar or casing 
of a rubble wall, which is tied together by through or 
bond stones. (See Perpent.) 

Pargetting, a species of plastering decorated by impressing 
patterns on it when wet* These seem generally to have 
been made by sticking a number of pins in a board in 
certain lines or curves, and then pressing on the wet 
plaster in various directions, so as to form geometrical 
figures. Sometimes these devices are in relief, and in 
the time of Elizabeth represent figures, birds, foliages, 
&c. ; fine examples are to be seen at Ipswich, Maid- 
stone, Newark, &c. The word is Latinised gypsaeio in 
theProi?f^/ortfii9i,and maybe derived from the old French 
giter^ to cast, to throw, as outside plastering is oflen 
thrown against the laths to make it adhere better. (See 
Rough Cast.) 

Patin, Patand, from the French patin^ a wooden sole, 
clog, or patten. The sills in timber-framing are thus 
named in some old works, though the modern French 
authors call them sablUres, 



Pavements, MEDiiBVAL (Fr. carrelage^ daliage). The Glossary 
common old English paving or foot tiles are square, from 
4 inches to 12 inches each, of common red pottery clay. 
These are frequent in our churches of all periods, and 
make an excellent paving, not so cold as stone, and they 
never wear so as to be slippery, nor to lose their colour. 
Where ornamented tiles are too expensive, this is the 
best material for Gothic churches. In countries where 
stone abounds, the usual floor is covered with what is 
called flag-pavement, squares of stone, and in many 
places large pieces of slate. 

Pavements, Ornamented, of various characters, were much 
used in the middle ages, and seem to have succeeded the 
Mosaic or Tessellated pavements of the Romans. Their 
history seems to have been more easily traced on the 
Continent than in England. In the admirable Dictionary 
of M. Viollet-le-Duc, he has divided his subject into two 
heads, that of '' Daliage" and of <' Carrelage." In the 
former, he treats chiefly of ornamented pavements of 
stone, incised by hand, and filled in with coloured resinous 
mastics or other similar composition. The earliest of 
them, he says, is in the church of St Menoux, near 
Moulins. The stone is white, the filling in black, and 
the design, a succession of circles with a border, is very 
artistic It dates from the I2tli centur}'. One of the 
richest examples of this sort of pavement is at St Osmane. 
As we have very little, if any, of these in England, we 
must refer our readers to the JDictionnairey vol v. page 9. 
Our author also treats of ornamented paving of tiles 
proper, which he calls " carrelage." These are of two 
kinds, tiles of various shapes, each of one colour onl}^ 
mixed with those of other colours so as to form a pattern. 
The earliest known in France is at the Abbey of St 
Denys, and is of about the 12tb century. Here we see 
clearly the attempt to imitate the tessera of the Romans, 
and it is eminently successful. The examples given of 
squares and lozenges, filled up with minute squares or 
circles touching each other, and intersected with bold 
diagonal bands of dark colour, and, more curious than all, 
greenish-black tiles so made that other tiles of yellow 
earth in the form of fleur-de-lys, quatrefoiis, and other 
designs, can be inserted in the middle of the dark squares 
in several pieces, give a high idea of the potter's art in 
that period. In fact, it is a difficult matter, in the present 
day, to manufacture such tiles, so as to come together 
with any degree of truth. The third kind of orna- 
mented tile, which concerns ourselves as being common 
in this country, is the glazed ornamented tile improperly 
called encaustic. The origin of these is very ancient. 
M. Viollet-le-Duc cites as the earliest example some 
now existing in the church of St Colombe, at Sens. 
This monastery was founded in 630, and our author 
believes these tiles to be about the same date. They 
are almost always of a red earth, on which a design is 
impressed or stamped, the colour being filled in, and 
no part of the figures above the level of the body of the 
tile. In fact, the tile seems to have been made, and 
when partly dry, the subject appears to have been 
impressed thereon by a stamp, like making an impression 
by a seal. Once having this form, it seems to have sug- 
gested itself to the tilemakers that it would be a great 
improvement, and a thing very easy to effect, to fill these 
hollows up with a clay which would burn to a different 
colour, and thus make a tile of a flat uniform suiface 
which would present a pictoriid representation. It was 
soon found that the effect was improved by covering the 
whole surface with a glaze, and thus, as it were, varnish* 
ing the whole picture. The earliest found in England 
are said to be those at Castle Acre, but as these are 
decorated with coats of arms on regular sbieldsi they can- 
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Glossary. not be earlier than the 1 3th century. The fact is, that 
the presence of armorial bearings is a very &illacious test 
as to dates. As is natural, those who displayed these 
objects not only gave their own arms, but tho!»e of their 
ancestors, real or supposed; and these, particularly in the 
1 5th and 16th centuries, were often little better than 
fabulous persons. The chief part of the glazed tiles in 
England seem to have been made of the ordinary potter's 
clay, which we know burns to a dull red. On these, 
when made, the design was impressed, as has before been 
described, and the hollow filled with some white clay like 
pipe-clay. The glaze was probably that used now by 
the red-ware potters of the South of England, which 
brightens the red ground, and gave a yellow colour to 
the white insertions. Many of the tiles have a com- 
plete pattern, — a quatre-fbU, fleur-de-lys, vesica piscis, 
monogram, interlaced triangles, a star, crest, badge, or 
single coat of arms, being very general subjects ; but in 
many instances the pattern is formed not by one, but 
by a set of tiles. Thus two, three, or four of a side 
make assemblages of four, nine, or sixteen tiles, forming 
one large regular pattern. It is not often we get more 
in England ; but at St Pierre-sur-Dive, as given by M. 
Didron in the AtmaUs Archeologiquesy a wonderful 
rofoce is delineated, which must have been formed by the 
union of between 300 and 400 separate tiles. About the 
end of the 16th and in the 17th century, greenish tiles, 
with designs in relief, were used, commonly called galley 
xWe^, After this time they seem to have gone out of use as 
a pavement. As a wall decoration, the white glazed tiles, 
with pictorial subjects in blue, were very common, par- 
ticularly for lining chimneys. Like the galley tiles, these 
came from Flanders or Holland. Latterly tlie manu- 
facture has been revived with great success. 
Pedestal (Gr. rrovs, a foot, and orvAos, a column). An 
insulated stylobate is for the most part so called. The 
term is, moreover, generally applied to any parallelo- 
gramic or cylindrical mass, used as the stand or support 
of any single object, as a statue or vase. 
Pepihent, that part of a portico which rises above its en* 
tablature to inclose the end of the roof, whqse triangu- 
lar form it takes. The cornice of the entablature, or its 
corona and part of the bed-mould only, with the addition 
of a cymatium, bounds its inclined sides, and gives it an 
obtuse angle at the apex. In Pointed architecture, how- 
ever, the angle of a pediment is for the most part acute« 
Pendent, a name given to elongated bosses, either moulded 
or foliated, which hang down from the intersection of 
groins, especially in fan tracery, or at the end of liammer 
beams. Sometimes long corbels, like those in Plate XX. 
fig. 2, under the wall pieces, have been so called. A 
curious bracket and pendant, from Pietraperzia, in Sicily, 
is given. (Plate XXV. fig. 7. See also Plate XXIl. 
figs. 8, 9, II, 12, and 13.) 
f Pendent (Lat. pendens^ hanging). In some of the later 
works of the Pointed style, large masses depend from 
enriched ceilings, and appear to be formed by the other 
lees of intersecting arches: these are called pendents. 
They also occur in canopies. (See Plate XXlI. fig. 1, 
8,9, 11, and 12.) 
Pendent Post, a name given to those timbers which hang 
down the side^f a wall from the plate, and which receive 
the hammer braces. (See Roofs, Medijeyal, fig. 42, 
letter C. They are now generally called the wall pieces.) 
Pendsntite, a name given to those arches which cut off, 
as it were, the corners of square buildings* internally, so 
that the superstructure may become an octagon or a 
dome. In Medieval arehitecture, these arches, when 
under a spire ui the interior of a tower, are called 
squinehes (which see). 



Peribolus (6r. ir^t, around or about, and /SdXXoi, to GloMsry. 
throw), an inclosure. Any inclosed space is a peribolus; 
but the term is applied more particularly to the sacred 
inclosure about a temple. The wall forming the inclo- 
sure is also called the peribolus. 
Peripteral. (See Peripteros.) 

Peripteros (Gr. ir^x, around or about, and wnpcv, a wing). 
A temple or other structure with the columns of its end 
prostyles, or porticoes, returned on its sides as wings, at 
one intercolumniation distant from the walls. Almost all 
the Doric temples of the Greeks were peripteral. The 
term is, however, incorrectly applied by Vitruvius to 
peristylar structures, though it is clear that a perfectly 
round building, such as he describes to be peripteral, 
cannot be said to be winged or to have wings. 
Peristylar, having a peristyle. (See Peristyle.) 
Peristyle (Grr. ir^ around or about, and (ttvXos, a column), 
a range of columns encircling an edifice, such as that 
which surrounds the cylindrical drum under the cupola 
of St PauPs. The columns of a Greek peripteral temple 
form a peristyle also, the former being a circular, And the 
latter a quadrilateral peristyle. The same tenn is gene- 
rally but incorrectly applied to a range of columns in 
almost any situation when they do not form a portico. 
(See Orthostyle.) 
Perpendicular Style, that which prevailed in England 
from about 1400 to 1550, and which has no exact parallel 
on the Continent. It has been so called from the fact 
that the tracery, which, in the preceding period, ran into 
a system of curves, representing branches, stems, and 
even leaves (see the large window, Plate XX. fig. 1) of 
the greatest delicacy and fancy, now gradually formed 
a series of upright oblong forms, in tier over tier (see 
Plate XXI J. fig. 1). The cause of this change it is 
difficult to discover ; it may, however, be supposed the 
intention was to provide better forms for the glass painter 
to fill up— single whole-length figures being now in 
vogue, instead of flowing pattems, with subjects in medal- 
lions. The later ]X)rtion of this style, firom 1490 to 
its termination, is generally called Tudor, — by which 
name we propose to designate its peculiarities* The 
introduction of perpendicular lines into window tracery, 
as has been said above, was of slow growth (Plate 
XIX. fi^ 7 and 8) ; the tower windows (Plate XXI. 
fig. 1, Plate XXXVI. figs. 11 to 13), and the larger 
window (Plate XXIL fig. I), will show various examples 
of the changes of style. Besides this, the transom was 
constantly used, which was hardly ever seen in the deco- 
rated styles. Plate XXI. fig. 1, the tower windows, and 
Plate XXII. fig. 1, will show the usual method of treat- 
ing them in £ngland. A very curious exceptional case 
from Dorchester, Oxon, is given (Plate XXX V II. fig. 1 1). 
In some cases tlie transoms are multiplied; at Winchester 
the interior of the west end shows six in succession. 
(See Transom.) The arches at first differ but little fix)m 
the Decorated ; by degrees the rise becomes less and less, 
till, in the Tudor period, they became four-centred (see 
Arch, Dates of Styles ; and, for the method of finding 
the centres, and setting out, see Stone-Masonry, Medi- 
jbyal, 131 to 186). The mouldings in the Perpendicular 
style are flatter than in that preceding, and their peculiari- 
ties (the large shallow hollow, the brace mould, wave mouldy 
lip mould, &c.) are fully described under Moulding. 
1 he doorways are arched as above described ; the labels, 
however, run up and form a square, having a spandrU 
over the arch, the whole of which is described under 
Door. The Roofs, Groining (with its peculiarly 
English feature, the fan-tracery), the Towers, Spires, 
Buttresses, Flying Butiresses, Piers, Parapets, 
Foliages, &c., will all be found under their respec- 
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live heads. Shortly after tlie middle of the 16th cen- 
tury the Perpendicular style became mixed with bad 
imitations of classic architecture, and declined in every 
way, — so much so, indeed, that critics have designated it 
as the debased style. A serious mistake has arisen out of 
this appellation, for many think the phrase applies to the 
whole rerpendicular period. It is true that at no time 
can this be considered equal to the palmy periods of the 
Decorated style, and particularly as regards the change 
from the £siiry-like tracery o^ that time to what a modem 
French writer has called the '* grille de fer," the inferi- 
ority is strikingly apparent. Still, when we consider the 
lightness of the piers, and the span of the arches, the 
astonishing boldness of the groining, and of the flying 
buttresses which support it, the noble central towers, the 
rich open timber roofs, it must be acknowledged that, 
though not the most perfect of the mediaeval styles, it 
possesses beauties of its own which have never been 
rividled since. 

Perpemt Stone (Fr. purpaing^ bond or ** through stones,'' 
the &aTovoc of the Greeks and Romans. Long stones 
going right through walls, and tying them U^ether firom 
face to face. VioIlet-le-Duc says tliese were rarely em- 
ployed in the middle ages, but that the walls were composed 
chiefly of carreaux^ square headers, and bouiisses. How- 
ever, there seems some confusion in the terms, as he 
also describes bouHsse as stones " which go through the 
whole thickness of a wall, and tie the outside and inside 
casing {parements) together." The English meaning 
seems clear, from the old dictionary of Cotgrave, who 
describes perpent or perpender, *^ stones just as thick as 
a wall, and showing their smoothed ends on either side 
thereof." 

Perpent, or Perpetn Wall, one banded together with 
stones as described in the foregoing. 

Perron, the grand flight of external steps entering the 
.mansions of the medieval nobility or high officials, and 
considered in itself as a mark of jurisdiction, as it is said 
firom thence sentence was'pronounced against criminals, 
who were afterwards executed at the foot of the steps — 
as at the Giant Stairs at Venice. When ascended by a 
double or triple flight of steps, they are called " perrons 
de deux, ou de trois rampes," &c One of the finest 
Jater examples is the flight in the Horse-shoe Court at 
Fontainebleau. 

Pbw, a word of uncertain origin, signifying fixed seats in 
churches, composed of wood framing, mostly with orna- 
mented ends. They seem to have come into general 
use early in the reign of Henry VI., and to have been 
rented and ''well payed for" (see Bale's Image of both 
Churches) before the Reformation. Some bench ends are 
.certainly of Decorated character, and some have been 
considered to be of the jearly English period. They are 
sometimes of plain oak board, 2^ to 3 inches thick, 
chamfered, and with a necking and finial generally called 
a poppy head; others are plainly panelled with bold cap- 
pings; in others the panels are ornamented with tracery or 
with the linen paiterriy and sometimes with running foli- 
ages. The divisions are filled in with thin chamfered 
boarding, sometimes reaching to the floor, and sometimes 
only fi'om the capping to the seat. 

Pier. The solid parts of a wall between windows and be- 
.tween voids generally, are called piers. The term is also 
applied to masses of brickwork or masonry which are 
insulated to from supports to gates or to carry arches. 

Pignon, a French term for the gable of a roof. (See Gable.) 

PiLAffTER (Lat pila, a pillar, and the Ital. augmentative 
asirOf which indicates an inferior quality), an inferior sort 
of column or pillar ; a projection from or against a pier, 
having the form and decorations of antse, when used cor- 



rectly ; but too firequently they have capitals, like those GloAsary. 
of columns, assigned them. 

Pillar, or Ptller (Fr. pilier^ Ital. pilastroy colonna^ Ger. 
pfeUler), a word generally used to express the round or 
polygonal piers, or those surrounded with clustered 
columns, which carry the main arches of a building. 
Saxon and early Norman pillars are generally stout 
cylindrical shafls built up of small stones. (See the 
various examples, Plates XXHI. XXVI.) Sometimes, 
however, they are quite square, sometimes with other 
squares breaking out of them (Plate XVIII. fig. 1, this 
is more common on the Continent), and sometimes with 
angular shafts, and sometimes they are plain octagons 
(Plate XXIII. fig. 9). At Norwich, at Durham, and at 
Waltham Abbey (Plate XVIII. fig. 4), some of tlie 
cylindrical pillare are ornamented with large zigzags. 
In later Norman work the pillar is sometimes square, 
with two or more semicircular or half columns attached. 
In the early English period the pillars become loftier 
and lighter, and in most important buildings are a series 
of clustered columns, frequently of marble, placed side 
by side, sometimes set at intervals round a circular 
centre (see Plate XX. fig. 1 a), and sometimes almost 
touching each other. (See ibid, fig. \ b; see also Plate 
XVIII. fig. 14, Plate XX. fig. 2.) These shafis are 
oilen wholly detached from the central pillar, though 
grouped round it, in which case they are almost always 
of Purbeck or Bethersden marbles. In Decorated work, 
the shafts on plan are very often placed round a square 
set anglewise, or a lozenge, the long way down the nave ; 
the centre or core itself is often worked into hollows or 
other mouldings, to show between the shafts, and to 
form part of the composition, much as in Plate XXXII. 
fig. II. In this and the latter part of the previous 
style there is generally a fillet on the outer part of the 
shaft, forming what has been called a heei moulding. 
(See Fillet, Keel Moulding.) They are also often 
as it were tied together by bands formed of rings of stone 
and sometimes of metal. (See Band of a Column.) 
About this period, too, these intermediate mouldings 
run up into and form part of the arch moulds, the im- 
post not being continuous, or rather there b no impost, 
but the shafts have each their own separate cap. (See 
Impost.) This arrangement became much more fre- 
quent in the Perpendicular period, in fact it was almost 
universal, the commonest section being a lozenge set 
with the long side from the nave to the aisle, and not 
towards the other arches, as in the Decorated period, with 
four shafts at the angles, between which were shdlow 
mouldings, one of which in general was a wide hollow, 
sometimes with wave moulds, and as the pillar altogether 
by the arrangement was wider than the wall above the 
shafts facing the nave, ran up to the roof, and served 
in place of the vaulting shafts of the previous periods. 
(See Vaulting Shaft, see also Plate XX. figs. 1 and 2.) 
In all periods, in small churches, instances are fi^und of 
plain round or plain octagon pillars, and sometimes of 
both placed alternately (see Plate XVIII. fig. 13). The 
small pillars at the jambs of doors and windows, and in 
arcades, and also those slender columns attached to 
pillars, or standing detached, are generally called Shafts 
(which see). 

Pillowed. A swollen or rounded fi'ieze is said to be pil- 
lowed or pulvinated. 

Pinnacle (Fr. pinacle^Jinoison^ ItaL ptnttacolo (literally a 
little feather), Ger. pinncfyl)^ an ornament originally 
forming the cap or crown of a buttress or small turretf 
but afterwards used on parapets at the comers of towers 
and in many other situations. Some writers have stated 
there were no Norman pinnacles; but conical caps to 
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Glossary. circular buttresses, with a sort of finial, are not un- 
common in France at very early periods. ViolIet-le-Duc 
gives examples from St Germer and St Remi, and there 
is one of similar form at the west front of Rochester 
Cathedral. In the later Norman period, two examples 
have been cited, one from Bredon in Worcestershire, and 
the other from Cleeve in Gloucestershire. In these the 
buttresses run up, forming a sort of square turret, and 
crowned with a pyramidal cap, very much like those of 
the next period, the early English. In this and the fol- 
lowing styles, the pinnacle seems generally to have had 
its absolute uses. It was a weight to counteract the 
thrust of the groining of roofs, particularly where there 
were flying buttresses ; it stopped the tendency to 
slip of the stone copings of the gables, and counter- 
poised the thrust of spires ; it formed the piers to 
steady the elegant perforated parapets of later periods ; 
and in France especially served to counterbalance the 
weight of overhanging corbel tables, huge gargoyles, &c. 
In the early Englbh period, the smaller buttresses fre- 
quently finished with Gablets (which see), and the more 
important with pinnacles supported with clustered shafts. 
(See Plate XI A. fig. 1, for both instances.) At this 
period the pinnacles were often supported on these shafts 
alone, and were open below ; ana in larger work in this 
and the subsequent periods, they frequently form niches 
and contain statues. About the Transition, and during 
the Decorated periods, the different faces above the angle 
shafts often finish with gablets. Those of the last-named 
period are much richer, and are generally decorated with 
crockets and finials, and sometimes ball-fiowers. (See 
Plate XIX. figs. 2 and 3.) The former of these is a sort 
of compound or group of pinnacles ; they are both from 
the decorated portion of Beverley Minster. Very fine 
groups are also found at the rise of the spire of St Mary's, 
Oxford, and are evidently placed there to counteract the 
thrust. Perpendicular pinnacles differ but little firom 
Decorated, except that the crockets and finials are of later 
character. They are also often set angle-ways, particu- 
larly on parapets, and (he shafts are panelled. (See 
Plate XXV. figs. 11 and 13 ; see also the rich examples 
on the towers of York Minster, Plate XXI. ^g, 1.) In 
France, pinnacles, like spires, seem to have been in use 
earlier than in England. There are small pinnacles at 
the angles of the tower in the Abbey of Saintes. At 
Roulet there are pinnacles in a similar position, each 
composed of four small shafb with caps and bases sur- 
mounted with small pyramidal spires ; the like at Loches, 
but these are octagonal in plan. In all these examples 
the towers have semicircular headed windows. 

PisciNJE, one or more hollows or cuvettes near the altars, 
with drains to take away the water used in the ablutions 
at the mass. They seem at first to have been mere 
cups or small basins, supported on perforated stems, 
placed close to the wall, and afterwards to have been 
recessed therein and covered with niche heads, which 
often contain shelves to serve as aumbries. They are 
rare in England till the Idth century, after which there 
is scarcely an altar without one. They frequently take 
the form of a double niche with a shaft between the 
arched heads, which are often filled with elaborate 
tracing. Our space will not allow us to give examples, 
especially as they are now out of use. 

PrrcH OF ▲ Roof, its height above the level of the plate. 
(See Gable, see also Roofs, Medlstal.) 

Plah, a horizontal geometrical section of the walls of a 
building; or indications, on a horizontal plane, of the 
relative positions of the walls and partitions, with the 
various openings, such as windows and doors,— recesses 
and projections, as chimneys and chimney-breasts, — 



columns, pilasters, &c. This term is often incorrectly Gloaiary. 
used in tlie sense of Design, q, v. 

Plakceer is sometimes used in the same sense as soffit, but 
incorrectly, as it is from the French pkmcher, to board 
or floor. It is more particularly applied to the soffit of 
the corona in a cornice. 

Plastering (Fr. pldtrey Ital. ifUanaco, Ger. puizarbeit), a 
mixture of lime, hair, and sand, to cover lath-work between 
timbers or rough walling, used from the earliest times, and 
very common in Roman work. Among other mistakes of 
the present day is, in the words of M. VioUet-le-Duc, "the 
prejudice to believe the constructors of the middle ages did 
not use plastering." He calls it "une excellente matiere,** 
and says, as every one acquainted with ancient buildings 
must know, that it was used not only in private but in 
public constructions. On the inside face of old rubble 
walls it was not only used for purposes of cleanliness, 
rough work holding dirt and dust, but as a ground for 
distemper painting (iempera^ or, as it is often improperly 
called, fresco)^ a species of ornament much more often 
used in the middle ages than we are disposed to think. 
At St Alban's Abbey the Norman work is plastered and 
covered with lines imitating the joints of stone. The 
same thing is found in the Perpendicular work at Ash in 
Kent. On the outside of the like widls, and oflen of 
wood-framing, it was used as rough cast; when orna- 
mented in patterns outside, it is called pargetting. 

Plate, Pole Plate. (See also Roofs as above.) 

Plinth (Gr. irAn^os, a square tile). In the Roman orders 
the lowest member of the base of a column is square and 
vertically faced ; this is called a plinth. 

PoDiDM, strictly something upon or against which the 
foot may be placed ; and in this sense, probably, it was 
applied to the wall which bounds the arena of an amphi- 
theatre, and is thereby at the feet of the most advanced 
of the spectators. 

Polttrigltph (Gr. iroyvs, many, and triglyph, q. v.) An 
intercolumniation in the Doric order of more than two 
triglyphs. (See Monotbigltph and Ditrigltph.) 

Pommel, a name given to any round knob, as a bass, Ajinial 
(which see). 

PoppT Head, probably from the French paupSe, the finials 
or other ornaments which terminate the tops of bench 
ends, either to pews or stalls. They are somethnes 
small human heads (from which the name is probably 
derived), sometimes richly carved images, knots of 
foliages, or finials, and sometimes fleurs-de-lys simply cut 
out of the thickness of the bench end and chamfered. 

Porch (Gr. vap$rf$, hat. porticuSf Fr.porckey Ital. portico 
Gr. vorhalle), a covered erection forming a shelter to the 
entrance door to a large building. The earliest known are 
the long arcaded porches in firont of the early Christian 
basilicas, called narthex (which see). In later times they 
assume two forms — one the projecting erection covering 
the entrance at the west front of cathedrals, and divided 
into tliree or more doorways, &c., and the other a sort 
of covered chambers open at the ends, and having small 
windows at the sides as a protection from rain. These 
generally stand on the north or south sides of churches, 
though in Kent there are a few instances (as Snodland 
and Boxley) where they are at the west ends. Porches 
are of very early use ; those of the Norman period gene- 
rally have but little projection, and are sometimes so 
flat as to be but little more than outer dressings and 
hood moulds to the inner door. They are, however, 
often very richly ornamented, and, as at Southwell, in 
England, and Kelso, in Scotland, have rooms over, which 
have been erroneously called Parvises. (See Paradise, 
&c) Early English porches are much longer, or pro- 
ject much further from the fiu:es of the churches to which 
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eOlouary. they are attached, and in larger and more important build- 
ings have very freouently rooms above ; the gables are 
generally bold and nigh pitched. In larger buildings also, 
as at Wells, St ^Ibansi Arc, the interiors are very rich 
in design, auite as much so, in fact, as the exteriors, De- 

' corated ana Perpendicular porches partake of much the 
same characteristics, tlie pitch of roof^ roouldines, cop- 
ings, battlements, &c., being of course influenced by the 
taste of the time. As a general rule, however, the 
later porches had rooms over them more frequently than 
in earlier times ; these are often approached from the 
lower story by small winding stairs, and sometimes have 
fireplaces, and are supposed to have served as vestries ; 
ana sometimes there are Uie remains of a piscina, and 
relics of altars, as if they were used as chantry chapels* 
It is probable there were wooden porches at all periods, 
particularly in those places where stone was scarce ; but, 
as may be expectea from their exposed situation, the 
earliest have decayed. At Cobharo, Surrey, there was 
one which had ranges of semidircular arches in oak at 
the sides, of strong Norman character, but which is now 
unfortunately destroyed. It is said there are several in 
whid) portions of early English work still are traceable, 
one is at Clievington, in Suffolk. In the Decorated and 
later periods, however, wooden porches are very common, 
some plain and others with richly carved tracery, and 
barge boards ; these frequently stand on a sort of halt 
story of stone work or bahtU, A very curious and beau- 
tiful example of a wooden renaissance porch from Ry, 
near Rouen, is given in Viollet-le-Duc, jbtWton. vol. vii. 
p. 274. The entrance porches at the west end of our 
cathedrals are generally called portalif and where they 
assume the character of separate buildings, are designated 
as galiiees. Both these last are more common on the 
Continent than in England. A very fine example of 
these bays, with nave, side fusles, and clerestory, is at 
Tournus, and another at V^zelay. At Cluny, the porch 
is in itself a church, about 115 feet long by 58 feet 
wide. At Dijon and at Y^lay, the upper part of the 
building looks into the nave, and forms a sort of gallery 
thereto. In France, the lower part of the tower often 
forms a sort of open porch, as at St Benoit-sur-Loire, 
Moissac, and several others cited by M* Viollet-le-Duc. 
Many of the French cathedrals have the doors so deeply 
recessed as to be almost like open porches. These 
are called poriait or paniet abriUs, Many, however, have 
detached porches in front of the portals Uiemselves, one 
of the best known of which is St Germain-rAuxerrois, 
at Paris ; another very fine example is at St Nicaise de 
Rheims, and a tlnrd at Troyes. The noblest example of 
an open projecting western porch in England, and pro- 
bably in the world, is at Peterborough, of the early Englbh 
period, attached to the early Norman nave. 

Portal (Fr. partail^ lta\. portane), a name given to the 
deeply recessed and richly decorated entrance doors to 
the cathedrals on the Continent. 

PoBTCULUS (M. Lat caiaraetOy Fr. hern^ eouUsae^ Ital. m- 
rasinesca^ Ger.fallgcUier)^ a strong-framed grating of oak, 
the lower points shod with iron, and sometimes entirely 
made of metal, hung so as to slide up and down in grooves 
with counter-balances, and intended to protect the gate- 
ways of castles, &c.; the defenders having opened thegates 
and lowered the portcullis, could send arrows and darts 
through the gratings, and yet the assailants could not enter. 
One of these constructions was in existence a short time 
back in a gateway at York ; they are said not to be older 
than the 12th century, and were probably (as their Italian 
name imports) invented to repulse the sudden attacks of 
the Saracens on the coasts of that country. 

PoKTico (an Italidsm of the Lat./M>r<iciM)y an open space 



before die door or other entrance to any building, fronted Olossary. 
with columns. A portico is distinguished as prostyle, or 
in oii/u, as it may project from or recede within the 
building, and b designated with either of these terms by 
the number of columns its front may consist of. (See 
DisTTLE, Tetrasttle, Hexasttljb, Octasttle, &c.) 

PoBTicus (Lat. See Pobtico). In an amphipros^lar or 
periptend temple, this term is used to distinguish tne por- 
tico at the entrance from that behind, which is called the 
posticum. 

Post and Pan Work, a name given to the carpentry fi-am- 
ing of old wooden houses ; pannes in old French, »gnify- 
ing any horizontal piece of timber, as a head, sUl, or 
piu-lin, though its use now is confined to the latter, sills 
and plates at present being called sabliSres* Where 
timber was abundant, and stone scarce and dear to work, 
it was not to be wondered at that timber-framed houses 
should abound. The posts or uprights seem in early 
times to have been constructed of small oak trees, 6 or 
7 indies square, roughly trimmed by the axe; the girders, 
&C., are larger, but seldom seem to have been sawn. The 
framing of the lower story generally stands on a sort of 
plinth or bahui of stone or brick, sometimes as high as 
the window sills, and the other fronts are each framed 
separately, and as the joists of each story project over 
those of that below, each story also projects, till, in 
narrow streets, it is said the houses almost touched each 
other at the top. To strengthen the framing, it was 
customary to tie the angles together with circuuu* braces 
cut out of the crooked boughs of trees, and to fill in under 
and sometimes over the window openings with cross 
struts, sometimes like the St Andrew's cross, and some- 
times in circles and various designs. The main posts 
also were strengthened inside and out with a sort of pro- 

i'ecting corbels, called in French liens or dichargea^ and 
>v us spervers^ and which helped to carry the projecting 
plates above. In the better sort of work these timbers 
are. chamfered and sometimes carved, and the gables 
have rich barge boards ; the roofs invariably have great 
projections to throw off the wet, and the juttine of the 
stories, one over the other, no doubt was intended for the 
same purpose* Old post and pan work is put togetlier 
with mortices and tenons pinned with pins or trunnels 
of hard wood ; very often there is not a nail in the whole 
construction. The intermediate upright posts or quar- 
ters were called j^rtcA posts. All these houses are plas- 
tered, rough cast, or pargetted between the timbers, some- 
times in handsome oesigns, and as the old oak gets black 
with age, or as the timbers are oflen rubbed over with 
oil, and the plaster whited, diey are called in England blaek 
and white houses. (See Pargetiino and Plastering*) 
Several churches in Essex have post and pan work. 

Postern, a small gateway in the enceinte of a castle, abbey, 
&c., from which to issue and enter unobserved. They 
are oflen called Sally Ports, 

PosncuM (Lat.) A portico behind a temple. (See PoR- 
Ticus and Portico.) 

PRECEPT0R7,a small establishment of the Knlghts' Templars, 
managed by a preceptor, a subordinate officer to a master, 
in the same way as a priory was by a prior, and not an 
abbot. 

PRESBTTERt {h8X.pre^teriumj Ital. presbiterio^ Fr. pres» 
bytire)t a word applied to various parts of large churches 
in a very ambiguous way* Some consider it to be the 
choir itself; others, what is now named the saerarium» 
Traditionally, however, it seems to be applied to the 
vacant space between the back of the high altar and the 
entrance to the lady chapel, as at Lincoln and Chichester, 
in other words, the Back or Retro Choir (which see). 

Priok Posts, an old name given sometimes to the queen 
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GloMsry. posts of a roof^ and sometimes to the filling in quarters in 
framing. (See Post akd Pan.) 

Principals. (See article Roof.) 

pRiORT, a monastic establishment^ generally in connection 
with an abbey, and presided over by a prior, who was a 
subordinate to the abbot, and held much the same rela- 
tion to that dignitary as a bishop does to a dean. (See 
Abbey.) 

Processiok Path (Lat. ambitus iempli), the route taken 
by processions on solemn days in large churches, — up the 
north aisle, round behind the high sJtar, down the south 
aisle, and then up the centre of the nave. 

Pronaos (Gr« irpo, before, and vao«, a temple), the inner 
|x>rtico of a temple, or the space between the porticus, or 

• outer portico, and tiie door opening into the cella. This 
is a conventional use of the term ; for, strictly, the pro* 
naos is the portico itself* 

Proftlsum (Gr, irpo, before, and wXi;, a portal), any 
structure or structures forming the entrance to the peri- 
bolus of a temple ; also the space lying between the en- 
trance and the temple. In common usage this term, in 
the plural (propylsea), is almost restricted to the entrance 
to the Acropolis of Athens, which is known by it as a 
name. 

Pro'ptlok, an alternation in the Greek form of Propy- 
Iseum (q. v.) in the Latin of Vitruvius. 

Prosoemiitm, in a Greek theatre, the stage* 

Prosttlb (Gr« irpo, before, and orrvAos, a column). A por- 
tico in which the columns project fVom the building to 
which it is attached is called a prostyle. It is tautolo- 
gous to say a prostyle portico : a prostyle is a portico. 
Custom, however, seems to warrant the impropriety, for 
the word portico is always superadded. In determining 
the number of columns of which a portico consists, the 
Greek numerals are prefixed to the term Style, ^. v,, and 
prostyle is repeated. It would be more concise, and, at 
the least, equally correct, to put the numeral before pro- 
style, and say tetra-prostyle, hexa-prostyle, &C., instead 
of tetrastvle-prostyle, &c., as the custom is ; that mode 
is adoptecl in this article throughout. 

PsBUDO-DiFTBRAL (Gr, ^cvSi/g, fiilsc, and dipteral, q. v.), 
false, double-winged* When the inner row of columns of 
a dipteral arrangement is omitted, and the space fiom the 
wall of the building to the columns is preserved of the 
consequent double projection, it is pseudo-dipteral* The 
porticoof University College, London, ispseudo-dipterally 
arranged, the returning columns on the ends or sides not 
being carried through behind those in firont, 

PsEiiDO-FERiPTERAL (Gr. ^^cvSi^s, false, and peripteral, a. v.), 
fidse-winged. A temple having the columns on its nanks 
attached to the walls, instead of being arranged as in a 
peripteros, is said to be a pseudo-peripteral. 

PsBUDO-PROSTTLB (Gr. ^cwSi;9, false, and prostyle, q, v.) 
This is a term not in general use, but is here suggested 
to designate a portico projecting less than the space firom 
one column to another, as the western porticoes to St 
Paul's Cathedral, and the portico to the East India 
House, in London ; but that they are recessed also, and 
tliereforo may be described as pseudo-prosule and re- 
cessed. The front of Trinity Church in the New Road, 
near the Regent's Park, London, presents a mere pseudo- 
prostyle. 

PiTLPiT (Fr. ehaire de fSglise^ Ital. pui^iiOf Ger. kanzel)^ 
a raised platform with inclosed firont, firom whence ser- 
mons, homilies, &c,, were delivered. They were pro- 
bably derived in their modem form fiom the €UHiones 
in tfaie early Christian churoh, though mentioned in Nehe* 
miidi viii. 4, - Thero are many old pulpits of stone, though 
the majority are of wood. Those in churches are genemSy 
hexagonal or octagonal ; and some stand on stone basesi 



and others on slender wooden stems, like columns. The 
designs vary according to the periods in which they were 
erected, having panelling, tracery, cuspings, crockets, 
and other ornaments then in use. Some are extremely 
rich, and ornamented with colour and gilding. A few 
also have fine canopies or sounding-boards. Their usual 
place is in the nave, mostly on the north side against the 
second pier firom the chancel areh. Pulpits for address- 
ing the people in the open air were common in the medi- 
aeval perioG, and stood near a road or cross. Thus there 
was one at Spital Fields, one at St Paul's, London. An 
external pulpit still remains at Magdalene College, Oxford, 
and at Shrewsbury, Pulpits, or rather places for reading 
during the meals of the monks, are found in the refec- 
tories at Chester, Beaulieu, Shrewsbury, &C., in England; 
and at St Martin des Champs, St Germain des Pr^ &c., 
in France ; also in the cloisters at St Di6 and St Lu. 
Shortly after the Reformation the canons ordered pulpits 
to be erected in all churches where there were none 
before. It is supposed to this circumstance we owe so 
many of the time of Elizabeth and James, Many of 
them are very beautifully and elaborately carved, and 
are evidently of Flemish workmanship. 

PuLTiKATBD (Lat. pfdvinuty a cushion or bolster), a term 
used to express Uie swelling or bolstering of the frieze, 
which is fi>und in some of the inferior worb of the Roman 
school, and is common in Italian practice* It is used in- 
difierently with pillowed. 

PuRiJKs. (See article Roof.) 

Ptcnosttlb (Gr. irvfcvos, dense, and oruXo?, a column), 
columns thickly set* ' The space or intercolumniation 
implied by this term is one diameter and a half. (See 

EUSTTLE^ 

Quarrel, Quarry (fiom the French carrS^ square), any 
square-shaped opening ; applied in the Beaucnamp Roll 
to the qiiatrefoils in perpenaicular windows (Plate XIX. 
fig, 8) ; sometimes to squares of paving, but most com- 
monly to the lozenge-shaped pieces of glass in lead case* 
ments. 

Quarters, the main upright posts in framing, sometimes 
called studs ; the filling in quarters were fi>rmerly named 
prick posts. 

QuATREFOiL, any small panel or perfi>ration in the form 
of a four-leaved flower. They are sometimes used alone, 
as in the triforium (Plate aX, fig, 1); sometimes in 
circles (t6. fig. 2, Plate XIX, fig. 5), and over the aisle 
windows (fig, 1), but more firequently are in square panels. 
They are generally cusped, and the cusps are often 
feathered* (See Cinquefoil.) 

Queen Post (Fr. poin^ons qfouM). (See article Roof.)) 

Quirk, (See Joinert, Sec. I. Mouldings.) 

Quoin, large squared stones at the angles of buildings, 
buttresses, to., generally used to stop the rubble or 
rough stone work, and that the angles might be true and 
stronger, (Plate XVII,^ Saxon quoin stones are said 
to have been composea of one long and one short 
stone alternately (see Plate XXXV, figs. 1 and 2, see also 
Saxon^. Early quoins are generally roughly axed ; in later 
times they had a draft tooled by the chisel round the out- 
side edges, and later still, were worked fine firom the saw. 

Quoin (I^t, aneon^ an elbow or comer, whence the Fr. 
coin)^ an outer comer* The stones which are made to 
project from the regular surfiu^e of the walls at the outer 
angles of a building are technically cslled quoins. The 
front of the Faraese Palace exemplifies them* (See Plate 
XVII.) 

Rafters (Fr. cAerrofu, Ital. puntofu)* (See Roof.) 

Rao-Stone, a name given by some writers to work' done 
with stones which are quarried in thin pieces, such as 
the Horsham sandstone, Yorkshire stone, the slate stones, 
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OlosBary. &<%, but this is more properly flag or slab work. By 
rag-stone, near London, is meant an excellent material 
from the neighbourhood of Maidstone. It is a very hard 
limestone of bluish-grey colour, and peculiarly suited for 
mediaeval work. It is often laid as uncoursed work, or 
random work (art. Buildixg, fig. 15), sometimes as 
random coursed work (fig. 16), and sometimes as regular 
ashlar. The first method, however, is the more pic- 
turesque. 

Raisinq Plate, from A. S. Rsesn, the wall plate on'which 
the principals rest, so called to distinguish it from the 
Poll Plate (which see, also Roof). 

Random Work, a term used by the rag-stone masons for 
stones fitted together at random without any attempt at 
laying them in courses. (See art. Buildikg, fig. 15.) 

Random Coursed Work, a like term applied to work 
coursed in horizontal beds, but the stones are of any 
height, and fitted to one another, as art. BuTLDiNa, fig. 16. 

Ratonnant, a name given to the second Pointed period, or 
ogivale secondaire, on the Continent. It was derived fi^om 
the circumstance that the tracery resembled in some de- 
gree the form of radiation. The word has now gone 
out of use, except as regards the tracery. It came in 
soonerthan our Decorated, viz., about 1250, and prevailed 
till about A.D. 1400. 

Rear Vault, a name sometimes applied to the inner hood- 
mould of a window or doorway, but no ancient authority 
for the use of such a term has as yet been cited. (See 
Hood-Mould, see also Esconson.) 

Rebate. (See Joinery, Sec. I. Mouldings.) 

Refectory, the hall of a monastery, convent^ &c., where 
the religious took their chief meals together. It much 
resembled the great halls of mansions, castles, &c., except 
that there frequently was a sort of ambo, approached by 
steps, fi'om which to read the legenda sanctoruroi &c., 
during meals. (See Pulpit.) 

Regula (Lat.), a rule or square. The short fillet or rect- 
angular block, under the taenia, on the architrave of the 
Doric entablature, is so called. 

Relieving Arch (see Stone-Masonry, Sec. V. art 136, 
fig. 67), often called discharging arch; (also BuiLDiNa, 
figs. 9 and 10.) 

Reredos, Dorsal, or Dossel (Fr. r4table\ the screen or 
other ornamental work at the back of an altar. In some 
large cathedrals, as Winchester, Durham, St Albans, &c., 
this is a mass of splendid tabernacle work, reaching 
nearly to the groining. In smaller churches there are 
sometimes ranges of arcades or panelling behind the 
altars ; but, in general, the walls at the back and sides 
of them were of plain masonry, and adorned with 
hangings or paraments. In large churches abroad, the 
high altar usually stands under a sort of canopy or cibo- 
rium, and the sacrarium is hung round at the back and 
sides with curtains on movable rods. (See Dorsal, 
CiBORiuu.) In private houses the iron plates behind 
the fire, where there are andirons, are sometimes called 
reredosses. 

Respond, the half pier or pillar at the end of a range ot 
piers and arches, or other arcades ; they are generally 
exactly half the other piers, with a short piece of wall 
finishing at right angles to the end or cross wall. 

Ressaunt, a sort of flat ogee ; Plate XXXII. fig. 20, shows 
two with a hollow, and two fillets between. A double 
ressaunt is the lowest moulding in fig. 19. A ressaunt 
lorymer (or larmier) is supposed to be an ogee with a 
drip, as the upper moulding in Plate XXXIV. ^g. 9. 

Retro Choir. (See Back Choir, Presbytery.) 

Rib (Fr. nerf darrete^ nervure^ Ital. castohj Ger. rippe). 
(See Groin Rib, see also Groined VAULTmo.) The 
earliest groining had no ribs. In early Norman times, plain 



flat arches crossed each other. (See Plate XXV. fig. I , and GloMary. 
Plate XXXVIII.) (See also Ogive Rm.) These ribs by ^ 
degrees became narrower, had greater projection, and were 
chamfered. In later Norman work the ribs were often 
formed of a large roil placed upon the flat band, and then 
of two rolls side by side, with a smaller roll or a fillet be- 
tween tliem, much like the lower member (Plate XXXII. 
fig. 6, which is fi'om Shoreham). Sometimes they are en- 
riched with zigzags and other Norman decorations, and 
about this time bosses became of very general use. (See 
Boss.) As styles progressed, the mouldings were more 
undercut, richer and more elaborate, and had the dog- 
tooth or ball-flower or other characteristic ornament 
in the hollows. (See Plate XXXIV. ribs, let. C, which 
is fi'om Robertsbridge.) In all instances the mould- 
ings are of similar contours to those of arches, &c., 
of the respective periods. (See Mouldings.) In per- 
pendicular work the ribs are broader and shallower, 
and almost always have two great hollows of elliptic 
shape, one on each side. In those churches of the early 
English and Decorated periods, where there is a groining 
of wooden ribs filled in between the spandrils witli their 
narrow oak boards, these ribs resemble those of stone, 
but are slighter, and the mouldings not so bold. (See 
Ceilinos.) Later, wooden roofs are oflen formed into 
cants or polygonal barrel vaults, and in these the ribs are 
generally a cluster of rounds, and form square or stellar 
panels with carved bosses or shields at the intersections. 

RmOE (Fr, faiteyfaitage, Ital. eolma^ colmello^ Ger. ruckeri)^ 
a flat piece of board running ftom the apex of principal 
to principal, to which the heads of the common rafters are 
naued (see art. Roofs) ; also the lead or tile covering 
to the same. For ornamental ridges, see Cresting. 

Roll Moulding or Scroll Moulding, a moulding so 
called because it resembles the section of half a scroll 
or flexible book rolled up so that the edge projects over 
the other part (See Plate XXXIV. Strings, fig. 5.) 
Figs. 6 to 1 1 show varieties of roll mouldings whidi are 
called roll and fillet, roll and hollow, roll and bead, as the 
case may be. (See Label, String, &c.) 

Robianesque, a name given to the debased classic archi- 
tecture which prevailed, according to some, till the Pointed 
styles came into use, but more correctly till the Norman 
took its own peculiar form. In general, it is an imitation 
of Roman architecture more or less classically carried 
out The arches are still semicircular, but out of pro- 
portion to the columns which sustain them. The pilasters 
shallowand strip-like. The entablatures have disappeared, 
or are very poor and meagre. The ornaments and carv- 
ing are less artistic. The Romanesque may be considered 
as the transition fi'om classic to mediseval, rather than one 
of the styles of the latter. 

Rood, a name applied to a crucifix, particularly to those 
which were placed in the rood-loft or chancel screens. 
These generally had not only the image of the crucified 
Saviour, but also those of St John and the Blessed Virgin 
Mary, standing one on each side. Sometimes other 
saints and angels are by them, and the top of the screen 
is set with candlesticks or other decorations. 

RooD-LoFT, RooD-ScREEN, Rood-Beam, Jube Gallert, 
&c. The arrangement to carry the crucifix or rood, and to 
screen off the chancel from the rest of the church during 
the breviary services, and as a place firom whence to read 
certain parts of the same. (See Jube.) Sometimes the 
crucifix is carried simply on a strong transverse beam, 
with or without a low screen, with folding doors below, but 
forming no part of such support. Sometimes the screen runs 
up to the beam which forms the upper part of the firaming. 
Sometimes there is a gallery across the top of the screen 
sufficiently wide for a person to pass along, and stand and 
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Gioasary. read the " Jube Domine benedicere," &c« This b gene- 
raUy approached by a small winding staircase which ap- 
pears as a turret at the junction of the nave and chancel. 
The general construction of wooden screens is close 
panelling beneath, about 3 feet to 3 feet 6 inches high, on 
which stands screen work composed of slender turned 
ballusters or regular wooden mullions, supporting tracery 
more or less rich with cornices, crestings, &c., and oflen 
painted in brilliant colours, and gilded. These not only 
inclose the chancels, but also chapels, chantries, and 
sometimes even tombs. In mansions, and some private 
houses, the great halls were screened off by a low passage 
at the opposite end to the dais, over which was a gallery 
for the use of minstreb or spectators. These screens 
were sometimes close and sometimes glazed. There are 
many of these in England, but generally more or less 
mutilated; one of the most perfect gidleries is that 
at Chariton-on-Otmoor, in Oxfordshire. From the Louth 
accounts, it appears that the organ was sometimes placed 
in the rood-loft, as it now often b over the choir screens 
in cathedrals. The jub6 galleries on the Continent are 
often of extraordinary splendour, but they come rather 
under the head Screen. 

Rood-Stair, a small winding stair or vice leading to the 
gallery. (See the above article.) In England they 
generally run up in a small turret in the wall at the west 
end of the chancel. Thb also often leads out on the roof. 
Oh the Continent these stairs often are ascended out of 
the interior of churches, and are inclosed with exqubitely 
perforated tracery,, as at Rouen, Strasbourg, &c. 

Rood- Tower, a name given by some writers to the cen- 
tral tower, or that over the intersection of the nave and 
chancel with the transepts. 

Roof. (See separate articles, especially Roof, Medlatal.) 

Rose Window (Fr. rosace)^ a name given to a circular 
window with radiating tracery, called also wheel window • 
(Plate XIX. fig. 1.) (See Windows, Circular.) 

RouoH Cast, a sort of external plastering in which small 
sharp stones are mixed, and which, when wet, is forcibly 
thrown or ctut ft-om a trowel against the wall, to which it 
forms a coating of pleasing appearance. Some of the 
rough .cast at St Albans is supposed to be coeval with the 
building itself. This material was also much used in timber 
houses, and when well executed, is sound and durable. 

RovxNO, anything following the line of a curve ; thus the 
bowtell or torus going up the side of a bench end and 
round a finial is called a roving bowtell. (See Bowtell.) 

RuBBLB Work, a name applied to several sp^ies of 
masonry. One where the stones are loosely thrown to- 
gether in a wall between waling boards, and grouted 
with mortar almost like concrete. This is called in Italian 
muraglia di getto, and in French hheage^ and is thus de- 
fined by VioUet-le-Duc : ^^ Blocs de pierre gros ou menus 
j6t^ p^ie-mSle dans un bain de mortier." Work executed 
with large stones put together without any attempt at 
courses, or random work (see art. Building, fig. 1 6), is 
abo odled rubble. (See Rag- Work, Random Work.) 

Sacristt (Lat. tacrariwfn^ Fr. sacrisiief Ital. sagrestid)^ 
a small chamber attached to churches, where the chalices, 
vestments, books, &Cm were kept by the officer called the 
sacristan. In the early Christian basilicse there were two 
semicircular recesses or apsides, one on each side of the 
altar. One of these served as a sacristy, and the other 
as the bibliotheca or library. Some have supposed the 
sacrbty to have been the place where the vestments were 
kept, and the vestry where the priests put them on ;- but 
we find firom Durandus the sacrarium was used for both 
these purposes. Latterly the place where the alur stands 
•inclosed by the rails has been called sacrariumy but 
• without authority. (See Vestrt.) 



Saddle Bars (Fr. irctverses)^ narrow horizontal iron bars GlotMry. 
passing firom mullion to mullion, and often through the 
whole window from side to side, to steady the stone work, 
and to form stays to which tlie lead work is secured* 
When the bays of the windows are wide, the lead lights 
are fiirther strengthened by upright bars passing through 
eyes forged on the saddle beurs, and called stancheons 
(which see, also Armature). When saddle bars pass 
right through the mullions in one piece, and are secured to 
the jambs, they are said to have been called stag bars^ 
but no authorities are quoted. 

Sanctus Bell- Cot or Turret, a turret or inclosure to 
hold the small bell sounded at various parts of the service, 
particularly where the words " Sanctus, &c.," are read. 
They difier but little from the common bell-cot, except 
they are generally on the top of the arch dividing the 
nave fi*om the chancel. At Cleeve, however, the bell 
seems to have been placed in a cot outside the wall. (See 
Plate XXII I. fig. 1 6.) Sanctus bells have also been placed 
over the gables of porches. On the Continent they run 
up Into a sort of small slender spire, called JUche in 
France, and guglio in Italy. (See Plate XXIV. figs. 8 
and 9. See Bell-Cot.) 

Saxon, the architecture of England immediately before the 
coming of the Normans, and which resembled the latter 
so much that it is fi-equently very difficult accurately to 
discriminate one firom the other. There has been much 
controversy on the subject. Before the late investiga- 
tions, almost all the early Norman was classed as Saxon, 
even in work such as at Norwich, Chichester, and Lin- 
coln, where it has been proved fi'om documents the ori- 
ginal cathedrals stood in other places, in Saxon times, 
and the present buildings are entirely of Norman founda* 
tion. These proofs have led some antiquaries into a 
belief that no Saxon work, or if any, the smallest and 
most inconsiderable quantity possible, remains to us, and 
others boldly say that all the Saxon churches were of 
wood, and have perished long ago. The subject is too 
long to be discussed in this place ; it is clear, however, 
that churches were built of stone as early as the time of 
Bede, and that cathedrals at Ely, Peterborough, London, 
Westminster, Worcester, Winchester, and Gloucester, 
were erected in the century preceding the conquest. 
The Saxons ruled in England for years, and were a 
wealthy people, and, if we judge firom the ornaments dug 
up in the barrows and various places, had considerable 
pretensions to art. Besides this, there are many parts 
of the Continent where the Normans never penetrated, 
and yet Romanesque churches erected about our 
Saxon period are extant, and show signs of an ad- 
vanced state of architecture. There seems no abstract 
reason, therefore, why we may not have many remains of 
Saxon work in this country ; indeed, now the controversy 
has cooled down, this fact b believed by many of our 
soundest antiquaries. The characteristics attributed to 
the buildings of the Saxons are generally supposed to 
be rudeness of design and coarseness of workmanship ; 
the carrying up a number of narrow pilasters of stone, 
imitating the quarters and braces of timber houses (see 
Plate XaXV. figs. 1 and 2), or using the same in lieu of 
buttresses ; the formation of the quoins or angle stones, 
in what b called long and short work — ^that is, of narrow 
pieces, one laid flat and the other set on end, and pro- 
bably derived from the Roman rustics ; the like work 
in the narrow pilasters, and in the jambs of the doors and 
windows ; stones placed over openings, leaning together 
at the top, forming a sort of trianeular pediment ; rude 
imposts moulded horizontally, as a the idea were taken 
firom those of classic times $ very peculiar shafts divid- 
ing the bays of windows^ and strongly resembling turned 
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GloMury. balusten (see as above), some with capitals evidently 
imitating Roman Corinthian* The belief that these are 
Saxon cTiaracteristics is further strengthened by the fact, 
that all these peculiarities have been found in the delinea* 
tions of buildings in the MSS. of the 11th century. 
One very curious example is given in Roofs, Medlsyal, 
fig. 34, and represents Lot entertaining the two angels. 
One undoubted example of Saxon architecture is part of 
an arcade in the wall of the old refectory at Westminster 
Abbey, built by Edward the Confessor (see Plate 
XXIII. fig. 1), which does not differ from early Nor- 
man work. It is clear, however, that the strip pilasters» 
long and short work, triangular pediments, and the pecu- 
liar imposts, are never found in such work, and as these 
are evidently not Roman, the natural inference is they 
must be Saxon. For further particulars of the contro- 
versy see Mr Parker's edition of Riekman's Gothic 
Archiieeturet Mr Bloxam's Manual^ Mr Ashpitel's paper 
on Repion Church, read before the Archaeological Asso- 
ciation (see vol. vii. page 7 of their Transactiom), and 
many other separate piqpers. 

SCAPPUNO, reducing a stone to a rough square by the axe 
or hammer; in Kent, the rag-stone masons call this 
knobbling. 

Scotia (Gr. o-Korio, shadow or darkness), a concave mould- 
ing most commonly used in bases, which projects a deep 
shadow on itself, and is thereby a most effective mould- 
ing under the eye as in a base. It is like a reversed 
ovalo^ or rather what the mould of an ovalo would pre- 
sent. (Plate VIII.) 

Screen, any construction subdividing one part of a build- 
ing fi*om another — as a choir, chantry, ch«>el, &c. The 
earliest screens are the low msxhle podia shutting off the 
chorus cantatUium in the Roman basilicas, and the per- 
forated canceUi inclosing the bema, altar, and seats of the 
bishops and presbyters. The chief screens in a church 
are tnose wnich inclose the choir or place at the times 
when the brevjary services are recited. This is done on 
the Continent not only by doors and screen work, but also, 
when these are of open work, by curtains, the laity hav- 
ing no part in these services. In England, screens were 
of two kinds, one of open wood work, generally called 
rood-screens or jubSs (which see), and which the French 
call grilies^ clotures du choeur s the other, massive in- 
dosures of stone work enriched with niches, tabernacles, 
canopies, pinnacles, statues, crestings, &c., as at Canter- 
bury, Yorx, Gloucester, and many other places both in 
England and abroad. 

Scroll, synonymous with volute. The term scroll is com- 
monly applied to the more ordinary purposes, whilst 
volute is generally restricted to the scrolls of the Ionic 
capital. 

ScuTCHEOK. (See Escutcheon.) 

Section, a drawing showing the internal heights of the va- 
rious parts of a building. It supposes it to be cut through 
entirely, so as to exhibit the walls, the heights of the in- 
temid doors, and other apertures; the heights of the 
stories, thicknesses of the floors, &c. It is one of the 
species of drawings necessary to the exhibition of a De- 
sign, g, V. 

Sbdiua, seats used by the celebrants during the pauses in 
the mass. They are generally three in number, for the 
priest, deacon, and sub-deacon, and are in England 
almost always a species of niches cut into the south walls 
of churches, separated by shafts or species of muUions, 
and crowned with canopies, pinnacles, and other enrich- 
ments more or less elaborate. The piscina and aumbry 
sometimes are attached to them. Abroad, the sedilia 
are often movable seats ; a single stone seat has rarely 
been found as at Lenham, but some have considered 



this to be a confessional chair, and others a frith-stole, Olosnry. 
or place to which criminals fled for sanctuary. 

Sepulchre, Easter, a recess in the wall of a church, gene- 
rally in the north side, often ornamented with a canopy, 
finials, &&, for the crucifix to stand in during certain rites 
firom Good Friday to Easter Day. 

Set-off, the horizontal line shown where a wall is reduced 
in thickness, and consequently the part of the thicker 
portion appears projecting before tlie thinner. In plinths 
this is generally simply diamfered (See Plate XAV.fig. 
9). In other parts of work, the set-off is generally con- 
cealed by a projecting string. Where, as in parapets, the 
upper part projects before the lower, the break is gene- 
rally hid by a corbel table. The portions of buttress 
caps which recede one behind another are abo called sets- 
off, ib. fig. 10. (See String, Corbel Table, Buttresb.) 

Severt (probably fi'om the English gever^ to divide^ any 
main compartment or division of a building. ' (See Bat.) 
It has been supposed this is a corruption of Ciborium, 
as Gervase of Canterbury uses the word in this sense, but 
he probably alludes to the vaulted form of the upper part 
of the flroining of each severy. (See Ciborium.) 

Shaft (Fr. colonette, ItaU coUmnetiOy Ger. schqft), in 
classical architecture, that part of a column between the 
necking and the cong6 at top of the base. (See Plate 
XIII. fig. I.) In later times the term is applied to slender 
columns, either standing alone or in connection with 
pillars, buttresses, jambs, vaulting, &c. The earliest 
known are probably the baluster shcfis in Saxon work 
(which see). In Norman work the shafU to doors and 
windows are generally slender cylinders, disposed in re- 
ceding squares. (See Plate XXXII. fig. 4, also Plate 
XVin. figs. 5, 6, and 8.) They are often enriched with 
zigzags, &c., as in the last instance ; sometimes octa* 
gonal, as Plate XXIII. fig. 3, and instances are known 
where they are fluted (see Plate XXVL fig 5). In the 
early English period they are longer in proportion to 
their height, sometimes attached to^ or clustered round 
pillars, and sometimes standing entirely detached, *fire- 
quently banded and often of marble ; they also are fire- 
quently filleted. For particulars as to ammgements, &c., 
in tliis and the following styles, see Band, Fillet, 
Pillar, &c. For window shafts, see MuixiONt See aUo 
Buttress Shafts, Jamb Shafts, VAULTiNa Shafts. 

Shed Hoof or Lean-to, a roof with only one set of rafters 
falling from a higher to a lower wall, like an aisle roof. 

Shingle (Med, Lat scandula, scindula^ Fr. hardeau^ 
essentCj Ital. scandoloy Gr. schindel\ a sort of wooden 
tile, generally of oak, used in places where timber 
is plentiful, for covering roofs, spires, &c. In Eneland 
they are generally plain, but on the Continent the ends are 
sometimes rounded, pointed, or cut into ornamental form. 

Shrjne (Med. hat, /eretorium, scrinium, Fr. chdsse, ierin^ 
Ital. scrigno), a sort of ark or chest to hold relics ; some- 
times diey are merely small boxes, generally with raised 
tops like roofs ; sometimes actual models of churches ; 
sometimes large constructions like that of Edward the 
Confessor, at Westminster, St Genevidve, at Paris, &c. 
Many are covered with jewels in the richest way ; that 
of San Carlo Borromeo, at Milan, is of beaten silver. (See 
Tabernacle.) 

Sill or Sole (Lat. solum, a threshold, whence the Fr. 
seuU), The horizontal base of a door or window-firame 
is called its sill, though in practice a technical distinction 
is made between the inner or wooden base of the window- 
frame, and the stone base on which it rests, — the latter 
being called the sill of the window, and the former that 
of its frame. This term is not restricted to the bases of 
apertures ; the lower horizontal part of a framed parti- 
tion is called its sill. It is sometimes incorrectly written cillt 
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Glossary. SKEW Table, any String, tahhy or coping running obliquely 
up or under the gable of a roof; in contradistinction from 
those which are' horizontal. (See String, Table, &c.) 

Sleepeb (Fr. dormant^ a piece of timber laid on low cross 
walls as a plate to receive ground joists. 

Sltpe, a name for the covered passage usually found in 
monasteries between the end of the transept and the 
chapter-house. 

Soffit (Ital. soffiio^ a ceiling), the inverted horizontal face 
of anything. The horkontai face of an entablature rest- 
ing on, and lying open between, the columns, is its soffit. 
The underface of an arch, where its thickness is seen, is 
its suffit. 

SoLAB, SoiXEB (Med. Lat solarium^ Fr. gaUtaSy Ital. 
$olaio\ a room in some high situation, a loft or garret, 
also an elevated chamber in a church from whence to 
watch the lamps burning before the altars. 

Sole. (See Sill.) 

SoifMEB, from the French sommier, a girder or main beam 
of a floor ; if supported on two story posts and open 
below, it is called a bress-summer^ or more properly 
brace^ommer. 

Sound- BoABD (Fr. abat'Voix\ the covering of a pulpit to 
deflect the sound into a cliurch. (See Testbb.) 

Span, the width or opening of an arch between the walls, 
&C., from which it springs, also the like of a roof between 
the plates. The word is generally used in contradistinc- 
tion to piichf which signifies the height above such level. 
(See Pitch.) 

Span Roof, a roof having two sides inclining fi*om a centre 
or ridge, in contradistinction to a shed roof or lean-to 
(which see). 

Spandbcl or Spandbel, the space between any arch or 
curved brace and the level label, beams, &c., over the 
same. (See Roofs, figs. 43, 47. See also under the 
triforium, Plate XX. fig. 2.) The spandrels over door- 
ways in Perpendicular work are generally richly decorated 
(Plate XXII. fig. 4). At Ma^len College, Oxford, is 
one which is perforated, and has a most beautiful efiect 
(Plate XXX. fig. 9). The spandrel of doors is sometimes 
ornamented in the Decorated period (see Plate XXI. 
fig. 1), but seldom forms part of the composition of the 
doorway itself, beine generally over the label. 

Spab, a word still used in the navy for any piece of timber. 

Spub, Spebyeb. The word spur is oflen applied to tlie 
carved wooden brackets or hanses which support the 
penthouse of a door, the level part being called a sperver, 

Spibb (Fr. aiguille^ Jliehe^ Ital. guglio^ Ger. spike), a 
sharply-pointed p3rramid or large pinnacle, generally octa- 
gonal in England, and forming a finish to the tops of towers. 
In this country, in Norman times, the only attempt at 
anything like a spire consisted in the termination of some 
turrets, as those at Rochester, St Peter^s, Oxford, &c. ; 
but these are rather Pinnacles (wliich see) than spires. 
Later Norman spires are supposed to have been merely 
low pyramidal roofs. In the early English period they 
appear at first to have been low, as the remains of the 
one at Christ Church, Oxford, but afterwards they 
become much more lofty and sharply pointed (see Plate 
XXIV. fig. 10 ; Plate XXXV. fig. 4). The probability 
is that the sight of the high domes and aspiring minarets 
of the Holy Land had suggested the erection of these 
lofly monuments to the Crusaders. At this period the 
spires generally covered the whole tower top, and had 
b&unchings where the square broke into the octagon. 
(See Bboaoh Spibe ; see also the figs, last dted.) In 
the Decorated period the spires became still slenderer 
and sharper ; the broach spire gradually gave place to 
those rising at once in octagon form fix>m the flat of the 
towers surrounded with parapets, often richly perforated. 



and with pinnacles at the angles. When there are Glossary, 
broach spires, the haunches are less; compare Plate 
XXXV. figs. 4 and 6. The spires themselves often are 
decorated with bail-flowers and crockets, and sometimes 
have broad horizontal band^ of tracery at intervals. In both 
these styles spire lights or lucames are common (which 
see). Examples are also given at Plate XXXV. Bg, 5, 
Perpendicular spires partake also of most of these charac- 
teristics, except that scarcely an example of a broach spire 
is to be found in those times. It is remarkable with now 
little materials some of the loftiest spires have been 
erected, that at Salisbury being barely 8 inches thick at the 
bottom. On the Continent the spire seems to have been 
used earlier than with us. That at Brant6me is a mere 
low pyramid. A| Saintes it is a low carved cone, some- 
thing of domical character. At Roulet it is a sharp 
circular cone, with four open pinnacles at the base. At 
Isomes it is octagonal, and -as sharp as many of our 
early English spires. In all these examples the windows 
below are semicircular. Abundant instances of spires 
of this character are given by M. Viollet-le-Duc, under 
the articles docker and flicke. In the later periods on 
the Continent the spires became very elaborate, and are, 
in fact, rather masses of tabernacle work in stage above 
stage than spires. There are very fine examples at 
Strasbourg and Brussels. In the north of Italy there are 
constructions very similar ; these are called guglio^ a fine 
example of which b at Milan ; but the prevailing bell- 
tower of the churches is the campanile (which see). 
Timber spires are very common in England. Some are 
covered with lead in flat sheets, others with the same 
metal in narrow stripes laid diagonally with the hips. 
Very many are covered with skingle (which see). 
Abroad there are some elegant examples of spires of 
open timber work covered wiUi lead. (See Plate XXI V. 
figs. 8 and 11.) The latter (at Paris) is of consider- 
able height, and, as may be seen, extremely rich in its 
decoration. Generally the fldches are at the inter- 
section of the transepts with the nave and choir. (See 
Sanctus, Bell-Cot.) 

Spibe- Lights. See Lucabne. 

Spbinoeb, the stone from which an arch springs ; in some 
cases thb is a capital, or impost (which see); in other cases 
the mouldings continue down the pier. The lowest 
stone of the coping of a gable is sometimes called so. 
(See Skew Table, Gablet.) 

Sqitinch, small arches or corbelled sets-off running diago- 
nally, and, as it were, cutting off the corners of the 
interior of towers, to bring them from the square to the 
octagon, &c., to carry a spire. (See Pendentite.) 

Squint, oblique openings, often mere narrow, square- 
headed slits piercing the walls of the chancel arch, and 
evidently intended to afibrd a view of the high altar. 
They are often without any ornament, but sometimes 
arched and occasionally enriched with open tracery. 
Sometimes they look fit)m the rooms over porches, 
sometimes from side chapels, but in every instance are 
so situate that the altar may be seen. The most pro- 
bable interpretation of their use is to enable the acolyte 
appointed to ring the sanctus bell to see the perform- 
ance of mass, and to sound it at the proper time. 
These openings have lately been called hagioscopes 
(which see), but without a shadow of authority. Indeed it 
seems most absurd to coin words from ancient Greek to 
describe parts of medieval churches. 

Stage, an elevated floor, particularly the various stories of 
a bell-tower, &c« It is also applied to the plain parts of 
buttresses between cap and cap where they set back, as 
Plate XXV. figs. 10 and 12, or where they are divided 
by horizontal strings and pai^elling, as in Plate XXL 
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GlotBcry. fig. 1. The phrase is also used by William of Worcester 
to describe the compartments of windows between transom 
and transom, in contradistinction to the word ba^j which 
si|2^ifie8 a division between muUion and mullion. (See 
Story.) 

Staib. See the various articles in Joinebt, Stone- 
Masonrt, &&, for the nomenclature. 

Stall, fixed seats in the choirs for the use of the clergy. 
In early Christian times the ihronus, cathedra^ or seat of 
the bishop, was in the centre of the apsis or bema 
behind the altar, and against the wall ; those of the pres- 
byters also were against the wall, branching off fix>m side 
to side round the hemicircle. In later tiroes the stalls 
occupied both sides of the choir, return seats being 
placed at the ends for the prior, dean, precentor, chan- 
cellor, or other officers. The seats are very peculiar. 
(See Miserere). In general, in cathedrals, each stall is 
surmounted by tabernade work, and rich canopies, gene- 
rally of oak, of which those at Winchester, Henry the 
Seventh's Chapel, and Manchester, may be quoted as fine 
instances. (See Tabernacle, Camopt). The word is 
sometimes used to express anychief seat as in a dining hall. 

Stancheon, a word aenved from the French eiangon^ 
a wooden post, and applied to the upright iron bars which 
pass through the eyes of the saddle bars or horizontal 
irons to steady the lead lights. The French call the 
latter traverses^ the stancheons mantanSy and the whole 
arrangement armcUure^ Stancheons frequently finish 
with ornamental heads forged out of the iron. (See 
Plate XXIV. figs. 14 and 15.) 

Stat Bars, saddle bars passing through the mullions in 
one length across the whole window, and secured to the 
jambs on each side. (See Saddle Bar.) 

Steeple (Fr. clocher^ Ital. campanile^ Ger. glockenthurm\ 
a general name for the whole arrangement of tower, 
beyry^ spire^ &c. (See those articles.) 

Stele (Gr. on^Xi;, a cippus or small monument). The or- 
naments on the ridge of a Greek temple, answering to 
the antefixae on the summit of the flank entablatures, are 
designated stelai. 

Stereobate (Gr. ot^mos, firm or solid, and i3acri«, a base or 
fulciment), a basement. It is here sought to make a dis- 
tinction between this term and Stylobate, g. v.,by restrict- 
ing the latter to its real import, and applying stereobate 
to a basement in the absence of columns. 

Stilted, anything raised above its usual level. For stilted 
arch, see Plate XXXVIII. fig. 6. 

Stoa (Gr. oToo, a portico). This is the Greek equivalent 
for the Latin porticus and the Italo-English portico, g. v. 

Stort (Lat. tabukUumj Fr» Stage, lia\, piano, Get, gesehoes). 
When a house has rooms one over the other, each set of 
chambers divided horizontal by the floors is called a 
story. They are thus namea in the different lan- 
guages :— 





Zag^h, 


French. 


Italian. 


German. 


Lowest atory. 


Basement 


Souteraln— 
Cave. 


Sotteraneo. 


Keller ge»- 
choas. 


Qronnd da 


Gronnd floor. 


Rez de cfaaoa- 


Planterreno. 


Bodengea* 
choas. 


Half atory or 


Mezzanine. 


Entresol. 


Mezzanino. 


• • • 


intermediate. 










Flratitory. 


Ftrst floor. 


Premier tftage, 


Prime piano, 


Haapt gea- 






also Bel dtage. 


also piano 
nobik; 


choas. 


Second story. 


Second floor. 


As their 


nnmberik 


••• 


Upper ttory. 


Oarrat. 


Maittard. 


.Solaia 


Darhges- 
choas. 



(See Stage.) 



Stoup (Fr. bhtitier), a vessel placed close to the Glossary, 
entrance of a church to contain the holy water. They 
are generally small bowls fixed against a column, or on 
a stem. In the north of Italy they are larger, and often 
carried on the back of a lion, and sometimes they are 
elegant tazze of exquisite workmanship. 

String Courses, horizontal mouldings running under 
windows, separating the walls flrom the plain part of 
the parapets, dividing towers into stones or stages, && 
Their section is much the same as the labels of the re- 
spective periods ; in fact, these last, afler passing round the 
windows, frequently run on horizontally and form strings. 
In Plate XXXIV., 1 and 2 are Norman ; 3 to 6, early 
English ; 7 and 8, Transitional ; 9 to 1 1, Decorated ; and 
12 to 17, Perpendicular. Like labels, they are often 
decorated with foliages, ball-flowers, &c* (See CuBS- 
TABLB, Label, Table. 

String or String- Course, a narrow, vertically-faced, and 
slightly projecting course in an elevation. If window-sills 
are made continuous they form a string-course i but if 
tliis course is made thicker or deeper than ordinary win- 
dow-sills, or covers a set-off in the wall, it becomes a 
blocking-course. 

Strip Pilaster, very narrow pilasters. (See Saxon Archi- 
tecture.) 

Struts. (See articles Carpentry, Roofs, &c.) 

Studs, an old name for upright quarters or posts ; thus 
door-studs are door-posts or jambs. 

Style (Gr. orvXos, a column). The term style, in archi- 
tecture, has obtained a conventional meaning beyond its 
simpler one, which applies only to columns and columnar 
arrangements. Eustyle, q, v., is a graceful distribution 
of columns as to space, and so it may be taken to apply 
to any good and pleasing distribution of solids and voids 
in the composition of a structure. But Eustyle being a 
condition of style not always found, or not recognised, in 
all architectural compositions, the term is taken without 
the qualifying prefix, and is applied with such qualifications 
and descriptions as may be necessary to make it available 
to all classes of architectural composition. Style as a term 
in architecture must be understood to be in no sense the 
same word as style in literature. 

Stylobate (Gr. cmxXos, a column, and fiam^ a base or 
fulciment), a basement to columns. (See Stereobate.) 
Stylobate is synonymous with pedestal, but is applied to 
a continued and unbroken substructure or basement to 
columns, while the latter term is confined to insulated 
supports. 

SuBBASE (Lat. super, whence the Fr. eur, above or upon, 
and biuef q. v.), an upper base. This term is applieii to 
wliat, in the fittings of a room, is familiarly called the 
chair-rail. It is also used to distinguish the cornice of a 
pedestal or stereobate, and is separated from the base by 
the dado or die. 

Systyle (Gr. trw, together with, and otvXos, a column), 
columns rather thickly set. An intercolumniation to 
which two diameters are assigned. (See Eustyxjl) 

Tabernacle, a species of niche or recess in which an 
image may be placed. In Norman work there are but 
few remains, and these generally over doorways. Tliey 
are shallow and comparatively plain, and the figures are 
often only in low relief, and not detached statues. In 
early English work they are deeper, and instead of simple 
arches there is often a canopy over die figure, which was 
placed on a small low pedestal. Later in the style the 
heads of the tabernacles became cusped, eidier as trefoils 
or cinquefoils, and they are often placed in pairs, sule by 
side, or in ranges, as at Wells Cathedral, where they are 
not unlike the arcade at Welb (Plate XXI IL fig. 6). 
Decorated tabernacles are still deefier and more oma- 
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Glottiary. mented, the heads are sometimes richly cusped and 
surmounted with crocketed gables, as at York (Plate 
XXI. fig. 1), or with projecting canopies, very much 
like the arcade at Lichfield (Plate XXI 1 1, fig. 5). In 
this case the under side ot^ the canopy is carved to imi- 
tate groin ribs, and the figures stand either on high 
pedestals, or on corbels. Perpendicular tabernacles pos- 
sess much the same features, but the work is generally 
more elaborate ; the figures generally stand on rich pede- 
stak (see Plate XXII. fig. 10), but sometimes on corbels, 
and the canopies generally project, sometimes in a tri- 
angular form {ib. fig. 8), and sometimes having a sort 
of domical top (ibi fig. 1 1) ; see also the general view, 
fig. 1. (See Corbel, Cakopt, Niche, &c.) The word 
tabernacle is also often used for the receptacle for relics, 
which was oflen made in the form of a small house or 
church. (See Shbinb.) 

Tabbbnaclb-Work. The rich ornamental tracery form- 
ing the canopy, Scc^ to a tabernacle, is called tabernacle- 
work; it is common in the stalls and screens of 
cathedrals, and in them is generally open or pierced 
through. 

Table, Tablet, a name for various mouldings, as string 
courses, cornices, &c Bench Tables (which see) 
are low seats against the walls inside churches. Cor- 
bel Tables (which see), courses of corbels support- 
ing projecting parapets. Curstables or Course Tables 
(see SnuNGs, Earth Tables, Foot Tables, Grass 
Tables, Ground Tables). Ledqememt Table (see 
Base of a Wall). Pignuk {i^.pjanon) Tables (see 
Gables, Skew Tables). Water iasles (which see), 
weatherings, or sets-off, to throw off water. 

TfeRimrAi.. Figures of which the upper parts only, or per- 
haps the head and shoulders alone, are carved, the rest 
running into a parallelopiped, and sometimes into a di- 
minishing pedestal, with feet indicated below^ or even 
without them, are called terminal figures. 

Tesselatbd Pavements, those formed of tessera, or, as 
some write it, tessel/a^ or small cubes fix>m half an inch 
to an inch square, like dice, of pottery, stone, marble, 
enamel, &c. (See Mosaic.) 

Tester, anything placed horizontally over the head, as the 
sound-board of a pulpit, the fiat boards over an old- 
fashioned bed, the like over the pent-house of a door or 
Spebtbr (which see ; also Sound-Board.) 

Tbtraprostylb. (See Tetrasttle and Prosttle.) 

Tetrastoon (Gr. rcrpo, four, and oroo, a portico). An 
atrium or rectangular court-yard, having a colonnade or 
projected orthostyle on every side, is called a tetrastoon. 

Tetrasttle (Gr, rcrpo, four, and orvAos, a column), a 
portico of lour columns in fit>nt. (See note to Hbxa- 

flfTTLE.) 

Tholobatb (Gr. $okoiy a dome or cupola, and /Scuns, a base 
or substructure), that on which a dome or cupola rests. 
This is a term not ingeneral use, but it is not the less of 
useful application. What is generally termed the attic 
above the peristyle and under the cupola of St Paul's, 
would be correctly designated the tholobate. A tholobate 
of a different description, and one to which no other name 
can well be applied, is the circular substructure to the 
cupola of the Univ. Coll. London. 

Tholus or Tholos (Gr.), a dome or cupola, or any round 
edifice. This is the only term used by Greek writers that 
can apply to the conoidal chambers which approach, in 
internal form, to that of the modem cupola or dome, and 
Is therefore made the Greek equivalent for those terms. 

Through Carving, a term supposed to signify such as is 
much undercut, as the tendrils, stalks, &c., in Decorated, 
and the vignettes, in Perpendicular work. In the Durham 
roll it clearly means perforated work,as it is "to giue ayre," 



Through Stone, stones going through the wall. (See Oloasary. 
Bond Stones, Perpent Stones.) 

Tie Beam (Lat. transtrum, Fr. tiraniy Ital. catena. See 
the various articles on Roof). 

Tiles, Roof (Lat. te^ula, imbrex, Fr. ttule^ Jtal. tegola, 
imbrice), fiat pieces of clay burned in fiare kilns, to cover 
roofs in place of slates or lead. In England, in medi- 
aeval times, the fiat or plane tile seems only to have been 
used, judging from what we find now left. From MS. 
and remains abroad, a sort of plane tile, with ornamented 
ends, forming a sort of scale covering, seems to have 
been in vogue. 

Tooth Ornabcent. (See Dog-Tooth.) 

ToPH Stone (Fr. tttf, Ital. tttfo)^ a very light stone, like 
pumice, oflen used in the filling in of vaulting, parti- 
cularly in Norman times* The tufo of Italy is volcanic, 
and that deposited in the beds of rivers is called traver- 
tine. Both sorts, in the mediseval periods, seem to have 
been called toph stone. 

Torus (Lat), a protuberance or swelling, a moulding 
whose form is convex, and generally nearly approaches 
a semicircle. It is most frequently used in bases, and is 
generally the lowest moulding in a base. (Plate VIII.) 

Touch (Fr. pierre de tauche, Ital. pieira di paragone), 
a close black stone, much like marble, and capable of 
bearing a fine polbh, much used for monuments in the 
later styles. It is so called because goldsmiths prove 
the quality of gold thereon, by the use of aquafortis and 
touch needles* 

Tower (Gr. Ilvpyos, Lat. turris, Fr. tour, docker, Ital. 
torre, Ger. thor, thurm), an elevated building originally 
designed for purposes of defence, and of the remotest 
antiquity ; indeed, those buildings are mentioned in the 
earliest Scriptures. In mediaeval times they are gene- 
rally attached to churches, to cemeteries, to castles, or 
are used as bell-towers in public places of large cities. 
In churches, the towers of the Saxon period are generally 
square, the only round example being supposed to be 
that at Tasburgh. They are not very lofty, and are of 
strong, rude workmanship. Two only, Brigstock and 
Brixworth, have staircases supposed to be original ; both 
these are on the west front of the tower. The masonry 
partakes of the usual character attributed to Saxon work, 
as strip pilasters, long and short work, &c. The upper 
windows are generally circular-headed in two lights, se- 
parated by a shaft much resembling a turned baluster 
sometimes with heavy projecting caps. (See Baluster 
Shaft. See Plate XXX Y. fig. 1, at Sompting, and fig. 
2, at Earl's Barton. The roof of the former finishes 
with four very airious gables. See also Saxon Archi- 
tecture.) Norman towera are also generally square. 
Many are entirely without buttresses ; others have broad, 
flat, shallow proiections, which serve for this purpose. 
The lower windows are very narrow, with extremely 
wide splays inside, probably intended to be defended by 
archers. The upper windows, like those of the pre- 
ceding style, are generally separated into two lights, but 
by a shi^t or short column, and not by a baluster. 
Sometimes these towers have arcades round them, and are 
ornamented^ as at St Albans (Plate XXXV. fig. 3), and 
very richly so, as at Norwich, Winchester, Tewkesbury, 
Southwell, Sandwich, &c. They frequently have stone 
staircases at one o^ the angles. In many of our 
churches the Norman tower is placed between the 
chancel and nave, and is of the full width of the latter. 
For the covering of these towers abroad, see Spire, 
Pinnacle, Parapet. A few round towers of this 
period (and also of the next) are found on the coasts of 
Norfolk and Suffolk ; as these mostly have no external 
doors, and are accessible only from the church, and as 
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some have chimneys, they are supposed to have been 
built as places of refuge in case of invasion. Early 
English towers are generally taller, and of more elegant 
proportions. They almost always have large projecting 
buttresses, and frequently stone staircases. The lower 
windows, as in the former style, are frequently mere 
arrow-slits; the upper are in couplets or triplets, and 
sometimes the tower top has an arcade all round, as at 
Middleton Stoney. The spires are generally Broach 
Spires (which see) ; but sometimes the tower tops finish 
with corbel courses and plain parapets, and (rarely) with 
pinnacles. Some of the towers and spires, particularly 
in the midland counties, are richly ornamented ; a very 
good specimen is at Raunds (Plate XXXV. fig. 4). A 
few early English towers break into the octagon from 
the square towards the top, and still fewer finish with 
two gables, as at Brookthorpe and Ickford. Both these 
methods of termination, however, are common on the 
Continent. At Vendome, Chartres, and Senlis, tlie 
towers have octagonal upper stages surrounded with 
pinnacles, from which elegant spires arise. Decorated 
towers differ but little from these last, except that they 
are often lighter in effect ; the buttresses, too, are set 
angularly \ the parapets are also frequently embattled, or 
perforated in elegant designs, and these generally have 
pinnacles. The spires, also, now generally arise at once 
from the octagon, and are not broach spires ; those that 
are of this latter character have the haunchings much 
smaller. (See Plate XXXV. figs. 4 and 5.) The latter is a 
fine example of a Decorated tower and spire at Ellington, 
in Huntingdonshire. Most Perpendictdar towers are 
very fine, particularly the great central towers, as at 
Canterbury and Gloucester. They are generallv richly 
panelled throughout ; the buttresses project boldly, and 
are sometimes set angle wise (see Plate A XXV. fig. 6), 
and sometimes square, not close to each other, but Stiow^ 
ing a small portion of the angle of the tower where they 
otherwise would have intersected. The pinnacles are 
often richly canopied and the battlements panelled, and 
oflen perforated ; sometimes a pinnacle, and sometimes 
a canopied niche, is placed in the middle of the parapet. 
(See Plate XXI. fig. 1.) At Boston, and in several other 
places, there are fine lanterns at the tops of the towers. 
Taunton, Evesham, Louth, Magdalen College, Oxford, 
and very many other places, have very fine Perpendicular 
towers. Of course, in all towers, the doors, window- 
strings, mouldings, &c., are in accordance with the 
features of the respective styles, and all these articles 
should be referred to. In France tlie towers and spires 
resemble our own, with the differences as above stated ; 
but in the north of Italy, and in Rome, they are generally 
tall, square shafts in four to six stages, with couplets or 
triplets of semicircular windows in each stage, generally 
crenellated at top, and covered with a low pyramidal 
roof. (See Campanile.) The well-known hanging 
tower at Pisa is cylindrical, in five stories of arcaded co- 
lonnades • In Ireland there are in some of the church' 
yards some very curious round towers. They are covered 
with conical caps, have openings at the top, sometimes 
as many as eight, and the door or lower opening is at a 
height from the ground, easily reached by a ladder. It 
is not improbable they served for the same purpose as 
the Fanal or Lantern of the Dead, which is so often 
found in the cemeteries of the Celtic portion of France. 
(See Lantern of the Dead.) The towers of castles 
may be shortly noticed, though scarcely within the scope 
of civil architecture. In the Norman period, the fortifi- 
cation consisted of one or more walls, forming an in- 
closure or enceinte called a Base Court, in the middle 
of which was the Keep, fully described under that term. 



The towers in the outer walls were either square, or Olomary. 
more generally circular, and projecting so as to flank the 
plain wall or curtain. In the Edwardian castles, and 
those of later date, the domestic apartments, as the hall, 
chapel, &c., were generally distinct buildings, situate in 
convenient parts of the internal courts. The walls were 
flanked with small towers as before, but the main towers 
were generally in the various lines of defence, and re- 
sembled Gate Houses rather than the keep of the 
Normans (see that art.), those on the external line 
of works being defended by drawbridges, barbicans, 
&C. ; but as this is a matter which has little to do with 
civil architecture, we must refer to the various works on 
the subject, particularly the articles on military archi- 
tecture in the Dictionary of M. Viollet-le-Duc. A very 
good example of a large square tower standing by itself 
without outworks may be mentioned as Tattersall 
Castle. Bell-towers (Fr. beffroi, Ital. campanile), for tlie 
use of the citizens, are common on the Continent in all 
large towns* They were intended to call the people 
together at public meetings, or to sound an alarm in 
cases of danger. They are generally tall, plain shafls, 
battlemented, and sometimes machicolated. (See Plate 
XXIV. figs. 4 at Brescia, and 5 at Sienna.) The nobles 
oflen erected these towers so as to command the streets 
by arrows and other missiles. Two very curious 
examples may be seen at Bologna, generally called the 
Leaning Towers of the Garisenda and Assinelli. 
Tracert, the ornamental filling in of the heads of win- 
dows, panels, circular windows, &c., which has given 
such characteristic beauty to the architecture of the 
]4th century. Like almost everything connected with 
raediseval architecture, this elegant and sometimes fairy- 
like decoration seems to have sprung from the smallest 
beginnings. The circular-headed window of the Nor- 
mans gradually gave way to the narrow-pointed lancets 
of the early English period, and as less light was 
afforded by the latter system than by tlie former, it 
was necessary to have a greater number of windows ; 
and it was found convenient to group them together 
in couplets, triplets, &c. (See Plate XVIII. fig. 12; 
Plate XIX. fig. 1 ; Plate XX. fig. I, clerestory, Plate 
XXXVI, figs. 3, 4, 8, &c.) When these couplets were as- 
sembled under one label, as Plate XIX. fig. 4, Plate 
XXXVI. fig. 3, a sort of vacant space or spandrel 
was formed over the lancets and under the label. To 
relieve this, the first attempts were simply to perforate 
this flat spandrel, first by a simple opening generally of 
lozenge form, as Plate XIX. fig. 4, but sometimes 
circular, and aflerwards by a quatrefoil, as ib, fig. 5, 
Plate XX. fig. I. This expedient being a mere per- 
foration of the flat stone, has lately been cidled plate, or 
more correctly from its French origin, plat^ tracery ; and 
although, as yet, the windows had no tracery at all strictly 
speaking, clearly it was thus this beautiful decoration 
became developed. As windows were made larger, and 
had a greater number of lights, the subdivision in the 
heads became more numerous, and it was necessary, for 
the purpose of keeping; the lead lights into their places, 
not merely to pierce the flat surfaces, but to bend the 
mullions themselves into various forms. Thus the simple 
central shaf^, carrying two pointed arches, as Plate 
XIX. fig. 4, was converted into a mullion branching two 
ways, as Plate XXX VI. fi^. 3 ; and so by degrees, as these 
would not sufficiently fill up the beads, the vacancies 
were supplied by making these mullions branch in various 
other ways, and so inclose a quatrefoil, as Plate XIX. 
fig. 5, Plate XX. fig. 2 (the triforium), or plain circles, 
as Plate XXXVI. fig. 5. Instead, therefore, of the 
tracery, such as it is, being formed by perforations in the 
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Glossarj. plate or fiat stone, the window bar or mullion was twisted 
into shapes and forms which have been lately called 
(but not very happily) bar-iracery. In a short time it 
was found that it would add very much to the lightness 
and beauty of the windows if these additions were filled 
with trefoiled cusps, so that the plain circles of fig. 5 
took the forms as in &s. 6. These afterwards became 
quatrefbib and cinquefoils, and had even a greater number 
of cuspsy as in the windows and aroided tracery, Plate 
XX. ^g, 2, and in the lower windows, Plate XXI. fig. 1. 
We thus have the origin of what is generally called 
geometrical tracery forming the early part of the 
Decorated period (which see), and also geometrical 
style. We must now invite the student's attention to 
the series of examples, Plate XXXVI. figs. 5 to 13, the 
whole of which are from the dioir and eastern part of 
Chester Cathedral, which was built slowly and gradually 
as the money came in, from about 1250 to 1400, and which 
thus form a very curious and instructive consecutive series 
of windows. We have shown how the plain mullion or 
circle gradually became enriched with cuspings, and we 
have now to snow how tlie geometrical forms gradually 
gave way to what is appropriately called Jiowing tracery ; 
the mullions twisting and flowing, as has been expressed 
by our great Scottish poet, as if some fiiiry had twined 
wreaths together and then transformed them into stone. 
An inspection of the Plate XXXVI. figs. 7 and 8, will 
show the progress of their flowing lines, still, however, 
retaining the geometrical circles. These, however, are 
abandoned in fig. 9, and though the regularity of the 
branching mullion in this latter shows that a feeling for 
lines obviously struck from regular centres still prevailed, 
we see in fig. 10 a window which looks as if entirely 
struck by hand, as if dictated by fiincy alone, and as if 
the art of geometry had nothing whatever to do with its 
invention. Nevertheless, however fancifol the design 
may be, the whole element is really geometrical, — that is, 
formed of portions of circles, the centres of which fall 
on the intersections of certain geometrical figures. An 
example is given as worked out, Stone-Masonrt, fig. 67, 
where a window, apparently drawn by hand, is in fact 
portions of circles drawn from sixty or seventy centres. 
The great east window at Carlisle is composed of 86 dis- 
tinct pieces of stone, and is struck from 263 centres ; and 
the glorious west window at York (Plate XXI. fig. 1) is pro« 
babfy produced from a still greater number. For some 
reason or other, of which we have no account, the flowing 
tracery gradually admitted upright straight lines into its 
element. These were at first substitutions for curved 
lines, or rather the vesica piscis4ike openings being 
elongated, a portion of the mullion became straight from 
mere necessity. (See Plate XXXVI. fig. 10.) It seems 
difficult to understand why men of such taste permitted 
fiuch a change, but by degrees the perpendicular lines 
entirely superseded the curved lines, and such windows 
as tifr. ngs. 8, 9, and 10; became like those, figs. 12 and 18, 
and as Plate XIX. figs. 6 and 7 became Tike fig. 8, or 
with exception of the two great branching ribs, one mass 
of horiasontal and perpendicular lines, as Plate XXII. 
fig. 1. It is not improbable this change may have been 
made to afford, as it were, rectilineal frames to suit the 
glass painter, the foliages and medallions of the pre- 
ceding styles having given way to single figures standing 
on pedestab under rich canopies. Be this as it may, it 
has given a name to the style of the 15th and 16th 
centuries. (See Perpendicular Sttle ; also Glass.) 
In the later part of the reign of Henry VIII., and in the 
fi>Uowing century, first of all the cuspings disappeared 
firom the tracery. The mullions then, as at King's Col- 
lege Chapel, St John's, Oxford, and several other 



examples, had more flow and fewer perpendicular lines, Glossary, 
till at last plain, upright, and transverse bars took their 
place, and held casement lights, which were at last 
superseded by our modem sash windows. On the Conti- 
nent, the windows of the first period, or ogivale primitive^ 
were very much like our own early English. So in like 
manner those of the early part of the ogivale secondaire 
were very much like our own geometrical decorated 
(which see). In Plate XXXVII. fig. 3 is from Le Mans, 
fig. 2 from Lucca, and fig. 7 from S. Madonna dell' Orto 
at Venice ; while fig. 6, from Amiens, much resembles 
Plate XXXVI. fig. 9 in character, and the fanciful tracery 
of Plate XXXVII. fig. 1, that at the house of Jacques 
Coeur. Later, however, in France and Germany, two 
styles prevailed, the one having tracery assuming the cha- 
racter of stars or rays, and afler this another coeval with 
our Perpendicular, resembling flames of fire ; these are 
described under the arts. Ratonnamt and Flambotant. 

Traohelium (Gr. rpax^Aos, the neck). In Doric and Ionic 
columns there is generally a short space intervening be- 
tween the hypotrachelium and the mass of the capital, 
which may be called the tracheiium or neck. 

Traksbft. In a church of which the plan is in the form 
of a cross, the arms lying across at the intersection of the 
nave and chancel form the transept. Commonly each arm 
is spoken of as a transept, but strictly the transept is one. 

Traitseft (Med. Lat. crux^ Fr. transept^ Ital. crodata^ 
Ger. quersehiffe)y that portion of a church which 
passes transversely between the nave and choir at right 
angles, and so forms a cross on plan. Its origin seems to 
have been derived from a wbh to have a larger space in 
front of the benoa, or place where the altar stood in the 
early basilicas. Some of the columns were therefore 
omitted on the right and led of the upper end, and the 
building there had a transeptal roof as to the clerestory, 
but the outer walls were straight, so that, though there 
was a transept internally, there was no cross on plan. 
The whole formed, in fact, what is called afidse transept 
The introduction of domes still further confirmed archi- 
tects in the use of tliis internal transept, a most notable 
example of which is at St Sophia at Constantinople ; and, 
as in the Greek churches, the limbs of the cross are of 
equal length, the plan might be said to be two naves or 
aisles crossing each other. In France the former term, 
nef transversal^ is often used, and in England, cross aisle. 
By degrees the transept was made to project, and so 
form a real transept or cross upon plan. Our Saxon 
ancestors seem to have used this, as at Worth, and in 
Norman times transepts were very common— 4 low 
square lantern tower filling up the intersection. The 
form, however, gener^ly was that of the Latin cross, the 
upper limb or choir (as in the ancient basilica) being 
very often merely an apse, and the nave larger than the 
other limbs. Transepts, in almost all instances, exactly 
matdi each other, or are in pairs, and consequently are 
oflen designated as the nortti or south transepts. At 
Exeter there are two noble Norman towers, which are 
supposed to have been the western towers which flanked 
the original Norman front. At Chester one transept is 
of similar Norman work, while the other is elongated 
and of the Decorated period; being now, and suoposed 
always to have been, outlt as a separate church. At 
Soissons one transept is square and the other semicircular. 
These seem the only examples which are known of those 
irregular in construction. In England second transepts 
are found eastward of those under the central tower, as 
at Canterbury, York, Salisbury, Lincoln, and several 
other examples. Those at York, however, do not pro- 
ject, but are false transepts, A similar arrangement is 
said to have existed at Cluny, but nothing of the kind is 
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OlcMMiy. to be found among the French examples given by 
Viollet-le-Duc, though they are more than thirty in 
number. Transepts are often without aisles, but in large 
churches almost always have not only arcades, but trifbria 
and clerestories exactly like tliose of the nave. In some 
instances, as Peterbro', Salisbury, Lichfield, Durham, 
and Lincoln, they have but one aisle and arcade. No 
instance of a transept with one aisle only is cited by 
M. Viollet-le-Duc, though he gives several without any. 
On the other hand, on the Continent the transepts fre- 
quently have apses, which are very rare indeed in 
England. (See Aisle, Apse, Cboss Aisle, &c.) 

Transition. A name given to the gradual conversion or 
blending off of one style into another till the change 
became complete, and an entirely new style was estab- 
lished. (See Dates of Sttles.) 

Transom (Fr. traverte^ Ital. traverse^ Ger. querbalken\ 

• the horiasontal construction which divides a window into 
heights or stages. They are sometimes simple pieces 
of muUions placed transversely as cross-bars, and in later 
times are richly decorated with cuspings, &c. The earliest 
known are in early English buildings, as in the well-known 
example in the hall of the castle at Winchester. They 
then are found as simple bars dividing the long lucarne 
spire lights. Transoms are very rare in windows of the 
Decorated period. The earliest, probably, is at Albrigh- 
ton. At Hull there Is a Decorated window in which are 
two transoms, the upper cusped and the' lower plain. In 
the Perpendicular style they are extremely common, 
forming stage over stage. At Winchester, the interior 
of the west end has seven transoms, one over the other. 
The common form is that in the tower windows. (Plate 
XXL fig. 1, and Plate XXIL fig. L) A very peculiar 
arrangement is given from Dorchester (Plate XXX VI L 
fig. 11), where the muUions are not over each other, but 
rise fit>m the point of the arch which carries the cusping 
in the lower stage. Another elegant example is given 
from Evesham (fig. 12). As the Perpendicular style 
never prevailed on the Continent, it is not to be won- 
dered at so few transoms are found there. One very 
curious example, however, is given from Amiens, and a 
very elegant one exists at the churches of St Madonna 
deir Orto and at the Frari at Venice. 

Tratls. (See Vinette.) 

Trefoil (Lat. trifolium% a cusping, the outline of which 
is derived from a three-leaved flower or lea^ as the qua* 
trefoil and eingurfoil are firom four and Gye* 

Triforiuh, the arcaded story between the lower range of 
piers and arches and the clerestory. The name is used 
by Gervase, of Canterbury, in his description of the re- 
building of that Cathedral, but is not found in any other 
author. It is supposed to be derived from ires andfare* — 

. three doors or openings — that being a frequent number 
of arches in each bay. The roof over the aisle usually 
being a shed-roof, or lean-to from the sills of the clere- 
story windows to the wall of the aisle, the trifonum 
generally has no external windows, and is, therefore, 
firequently called the blindrHary. In early works the 
aisles are oflen groined at the height of the lower arches. 
The floor of the triforium is then frequently laid on the 
top of these, and paved. At Durham and Westminster 
it is called the nunnery, and the tradition is, the nuns 
sat there unobserved during the services hidden by 
curtains. This is not improbable, as a similar arrangement 
prevails to this day at the Church of St Agnese fuori le 
mura, at Rome. At other cathedrals, as at Rochester, tlie 
forium is a passage-way, or gcUerie de service^ looking 
down into both nave and aisles. Sometimes, however, 
there is a close wall behind the gallery, and the triforium 
looks into the nave only. Norman triforia frequently 



consist of one large arch of the same span as that Glossary, 
below. Such is the arrangement at the chapel in the 
Tower of London (Plate XVIIL fig. 2) ; also at Wal- 
tham Abbey, Southwell Minster, &c. But more fi*e- 
quently this large arch is filled in with other arches 
carried on light shafts, the spandrels over which are 
ornamented with a species of duiper. At the Cathedral, 
Oxford, and at Romsey, there is a very curious arrange- 
ment. The piers and main arches rise to the top of the 
triforium, whidi is as it were fixed in between them. 
In early English work tlie triforium is often composed of 
two sets of arches, each subdivided into two others, as 
Plate XX. fig. 1. At Salisbury all four are under one 
great arch spanning the whole bay with pierced spandrels. 
Very frequently, however, the triforium is simply com- 
posed of a range or arcade of small arches, as in Plate 
XVIII. fig. 1 1 . Sometimes the shafU of the rear arches 
are set alternately with those of the firont range, so that 
they show between them, which has a beautiful efiect, 
as at Wells (Plate XXIII. fig. 3), at Beverly, at Lincoln, 
and several other places. A very curious arrangement 
exists as to the triforium in Westminster Abbey. The 
flying buttresses run through the roof and the upper 
part of the story, which is lighted with windows in form 
of a multifoiled circle inclosed in a spherical triangle 
(Plate XXXV 11. fig. 9), circumstances which would 
lead us to suppose the outer walls and roofs were raised, 
as an after-thought, to give more accommodation to the 
nunnery within. The Decorated triforium has much the 
same features as the preceding (see Plate XX. fig. 2, 
from Lincoln, and Plate XXXIX. fig 8, which b from 
Lichfield) ; but as the roofs of the aisles are generally 
flatter, it is of less height, and in many cases is merely a low 
arcade, as at Exeter. In the Perpendicular period, when 
the aisle roofs were generally lead flats, the triforium be- 
came of still less importance, the clerestory windows came 
down to the strings over the lower arches, and a sort of 
false triforium was formed by blocking up the lights of 
the lower stage of the windows, till at length in later 
work the triforium disappeared altogether. On the Con- 
tinent much the same arrangement prevailed as in 
England. At Soissons, however, in the rond point is a 
second arcade over the principal range, forming a sort of 
double triforium. In several large churches, also, tlie 
triforium has been lighted, as at Westminster. Instances 
are given by M. Viollet-le-Duc at Amiens, St Denys, 
and Notre Dame at Paris. These are called trtforium 
ajour4t or d claire-voie. 

Trigltph (Gr. Tpci«, three, and yXv^, an incision or chan- 
nel). The vertically channelled tablets of the Doric 
frieze are called triglyphs, because of the three angular 
channels in them, two perfect and one divided ; the two 
chamfered angles or hemiglyphs being reckoned as one. 
The sauare sunk spaces between the triglyphs on a firieze 
are called metopes. 

Truss, a term in Carpbntrt; but it has been made to apply 
to consols, or ornamented corbeb. (See Consol.) 

Tudor Sttle, a word generally applied to the later por- 
tion of the Perpendicular period (whidi see). 

Tudor Flower, or CRSsriNa, an ornament much used in 
the Tudor period on the tops of the cornices of screen work, 
&C., instead of battlements. It is a sort of stiff, flat, upright 
leaf standing on stems. (See Plate XXXIII. fig. Sk).) 

Turret (Fr. iourelle), a small tower, especially those 
at the angles of larger buildings, sometimes overhanging 
and built on corbels, and sometimes rising from the 
ground. These frequently inclose winding stairs, par- 
ticularly those to towers of churches, and at the junc- 
tion of naves and chancels. (See Jub^ Rood-Stair.) 
Sometimes they hold a single belL (See Samctus Bell.) 
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Glossary. The name is also often given to large pinnacles, par- 
ticularly at the main fronts of important buildings. In 
the Norman period they are often round ; in the early 
English, octagonal, and are surrounded with light shafts, 
and crowned with a sort of spire. (See those, Plate 
XIX* fig 1.) In the later periods they finish with per- 
forated battlements or other enrichments, and the spires 
are crocketed. They sometimes serve as louvres to 
let light and air iiito a roof (see Fumerell, Lovyre, 
Lantern), and sometimes surmount the apex of gables. 
(See Plate XXII. fig. I.) 

Tympanum (Gr. rvfjorayw). The triangular recessed space 
inclosed by the cornice which bounds a pediment. The 
Greeks sometimes placed sculptures representing subjects 
in connection with the purposes of the edifice, in the tym- 
pana of temples. 

Under-Croft, a vaulted chamber under ground. (Crtft.) 

Valure, Vamure. (See Alure.) 

Vane (Fr. giroueUe^ Ital. banderuola^ Ger. wetlerfalme)^ 
the weather-cock on a steeple. It is mentioned by Duran- 
dus as in form of a cock, gallus^ a form it often preserves 
to this day, and whence its iimiiliar name. They seem in 
early times to have been of various forms, as dragons, 
&c ; but in the Tudor period, the &vourite design was a 
beast or bird sitting on a slender pedestal, and carry- 
ing an upright rod, on which a thin plate of metal b 
hung like a fi&g^ ornamented in various ways. 

Vault (Ital. VoltatOy turned over). An arched ceiling or 
roo£ A vault is, indeed, a laterally conjoined series of 
arches. The arch of a bridge is, strictly speaking, a vault. 
Intersecting vaultsare said to be groined. (See Groinino.) 

Vaulting. For barrel vaults, spherical vaulting, &c., see 
Stone- Masonry ; for mediaeval vaulting, see UndLj also 
Groined Vaulting. 

Vaulting Shaft, a small column or series of clustered 
shafts, rising from above the capitals of the pillars of an 
arcade, and generally supported on a corbel, and thence 
rising and finishing with a capital, from which the various 
groin ribs spring. (See those at Plate XX. figs. 1 and 2, 
see also Groined Vaulting.) 

Verge, the edge of the tiling projecting over the gable of 
a roof; that on the honzontsJ portion being called eavet* 

Verge Board, erroneously called Barge Board, the board 
under the verge of eables, sometimes moulded, and often 
very richly carve(^ perforated, and cusped, and fre- 
quently having pendents and sometimes finials at the 
apex. They are probably of very early origin, being in 
fact merely decorations of the outer common rafter ; but, 
as they are of perishable material, there are no remains 
earlier than the 14th century. Plate XXXIX. fig. 6, 
gives an example from Caen ; and fig. 7 is a very fine 
specimen from Ightham. 

Vesica Pisces (Fr. amande mystique\ panels, windows, 
and other ornaments of the form of a species of oval with 
pointed ends, but in reality struck from two centres, and 
forms part of two circles cutting each other. A window 
of this kind is given, Plate XIX. fig. 1, firom Beverley. 

Vestry. (See Sacristy.) 

Vice, Vys (from the French vtlr, a screw), a name for a 
winding staircase. (See Stairs.) 

Vignette, a running ornament, as its name imports, repre- 
senting a little vine, with branches, leaves, and grapes. 
It is common in the Tudor period, and runs or roves in a 
large hollow or eoiement. The one in Plate XXXIII. 
fig. 22, is firom Westminster. It is also called Traylb. 

Volute (Lat voluitan^ from vo/vo, rolling up or over, con- 
volving). The convolved or spiral ornament which forms 
the clttracteristtc of the Ionic capital is so called. The 
common English term is scroll, q. v. Volute, scroll. 



helix, and caliculus, are used indifferently for the angular Glossary, 
horns of the Corinthian capital. 

VoussoiR, a name in common use for the various wedge- 
shaped stones of an arch. (See Stone-Mabonry, see 
106.) 

Waggon- Ceiling, a boarded roof of the Tudor time, either 
o? semicircular or polygonal section, boarded with thin 
oak, and ornamented with mouldings forming panels, and 
with loops at the intersections. (See Panel.) 

Wainscotting. (See Panelling, &c., ut supra,) 

Ward, a name for the inner courts of a fortified place. 
At Windsor Castle they are called the upper and lower 
wards. (See Bailey, Base Court, Enceinte, &c.) 

Water Table, a chamfered weathering to throw the 
water off from sets-off (which see, also Tables, Water.) 

Weathering, a slight fall on the top of cornices, window 
sills, &C., tu throw off the rain. 

Wicket (Fr. guichet^ Ital. sparUllo)^ a small door openine 
in a larger. They are common in mediaeval doors, and 
were intended to admit single persons, and guard against 
sudden surprises. 

Wind-Braces, diagonal braces to tie the rafters of a roof 
together and prevent racking. In the better sort of 
mediaeval roofs arched, and run from the principal rafters 
to catch the purlins. (See Roofs, Medlacval, fig. 40.) 

Window (Lat fenestra^ Fr. ferUtre^ Ital. Jinestra^ Ger. 
fenster\ openings in walls for admission o^ light. For 
those of the Saxon, Norman, and early English periods, 
see those arts. For those of the Decorated .and Perpen- 
dicular, see Tracery. See also Mullion, Transom, 
Cusp, Element, Label, Hood-Mould, Esconson, 
Quarry, Saddle Bars, Stancheon ; see also Tower, 
Spire-Lights, Lucarne, Glass — Stained ; see also the 
art Stone- Masonry, Medlsyal. 

Window, Circular, &c. In addition to the usual form of 
windows, we often find in clerestories, gables, &C., open- 
ings of other forms. The most common of these is 
circular. In early Norman work these are plain ; later 
they were filled with radiations like the spokes of a 
wheel, from which circumstance they are often called 
CeUherine wheel windows. See the large window in 
the gable, Plate XIX. fig. 1, which is fiom Beverley; 
see also the smaller ones over the aisles, one of which is 
given to a larger scale, Plate XXXVII. fig. 8. They 
then became filled with* tracery, and were called rose 
windows (Fr.«ro«ace), of which a very fine example is 
given from Chichester, fig. 4. Fig. 6 is fi*om S. Antonio, 
at Padua. In the early English period a form called 
vesica piscis is common. See the upper window in 
the gable at Beverley, Plate XIX. fig. 1. Windows in 
the form of an equilateral spherical triangle are also 
frequent One of these, containing a cusped circle firom 
Westminster, is given, Plate XXXVII. fig. 9. See also 
Rose Window, Vesica Piscis. 

Zig-Zag (Fr. batons ronqms)^ a very common decoration 
in the Norman style, of which examples are given, St 
John Devizes, Plate XXIII. fig. 2 ; Plate XXXIIL 
figs. 3 and 5. (See also Plate XVIIL figs. 3, 4, 7, and 8.) 
It is believed that no examples of this ornament are found 
in the remains of Saxon architecture, unless those at 
Waltham Abbey (Plate XVIII. fig. 4) be of that period. 
Here the great nave columns are covered with zig-zag, 
as they also are at Norwich. The ornament, however, 
is common in Saxon pottery. 
ZooPHORUS (Gr. Itooy, an animal, and ^^mi» to bear). This 
term is used in the same sense as frieze, and is so called 
because that part of the entablature is made the recep- 
tacle of sculptures which are frequently composed of va- 
rious animals* 
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Ths ieiise in which the term "Construction* is used in this 
place, is that in which it is employed in the article Abcdi- 
tegturb; purporting, however, rather fiibrication tlian 
conformation. 

The object of construction u to adapt and combine fit 
materials in such a manner that they shall retain in use the 
forms and dispositions assigned to them bv the constructor. 
If an upright wall be pronerly constructed upon a sufficient 
foundation, the combmea mass will retain its position, and 
bear pressure acting in the direction of eravity, to any extent 
that the ground on which it stands and the component ma- 
terials of the wall can sustain. But pressure acting laterally 
has a necessary tendency to overturn a wall, and therefore 
it will be the aim of the constructor to compel, as far as pos- 
sible, all forces that can act upon an upright wall to act in the 
direction of gravity ; or else to g^ve it permanent means of 
resistance in the Erection opposite to that in which a disturb- 
ing force may act. Thus when an arch b built to bear against 
an upright wall, the constructor applies a buttress or other 
counterfort in a direction opposed to the pressure of the arch. 
In like manner the inclined roof of a buildings spanning 
from wall to wall, tends to thrust out the walls; and hence 
the constructor applies a tie to hold the opposite sides of 
the roof together at its base, where alone a tie can be fully 
efficient, and thus compels the roof to act upon the walls 
wholly in the direction of gravity ; or where an efficient tie 
is inapplicable, he adds buttresses or counterforts to the 
walls, to enable them to resist the pressure outwards. A 
beam laid horizontally from wall to wall, as a girder to 
carnr a floor and its load, may Bag or bend downwivds, and 
tend thereby to force out the waBs ; or the beam itself may 
break. BoUi these contingencies are obviated by trussing, 
which renden the beam stiff enough to place its load on the 
walls in the direction of gravity, and strong enough to carry 
it safely. Or if the hem be rigid in its nature, or uncer- 
tain in its structure, or both (as cast iron b), and will break 
without bending, the constructor, by the smith's art, will 
supplT a check and ensure it agidnst the ponible contin- 
gency 

Stability is then the aim of the constructor ; but perfect 
and enduring stability is not to be attained with materiab 
which are subject to influences beyond the control of man, 
and all matter is subject to certain influences of that nature. 
The influences with which the constructor has mostly to 



contend are heat and humidity ; the former of which pro- 
duces movement of some kind, or to some extent, in all 
bodies; tlie latter, movement in many kinds of matter; whilst 
the two actlns together tend to disintegration or to decay 
in all materiius available for the purposes of construction. 
These pervading. influences the constructor seeks to coun- 
teract, by the sdection and di«M>sition of his materials ac- 
cordingly. From the tenacity or wrought iron, and its almost 
plastic cluiracter in the hands of the smith, the constructor 
will employ it to tie together other more bulky but less costly 
and more rigid matenab ; but on account of its exceeding 
susceptibility of heat, and its consequent expansion and con- 
traction, he will use wrought iron m short lengths only, un- 
less where protected flrom great alternations of heat and 
cold. The rapid decay, too, of wrought iron when exposed 
to humidity, and espeoally to alternations of wet ana dry, 
will teach the constructor not to expect enduring stability 
in hb works if he makes them dependent upon wrought iron. 
Cast iron b brittle, and may not be exposea with impunity to 
transverse strain, especially if such strain be attended by ac- 
tion tending to induce vibration: it expands and contracts 
under the influence of heat, but it resbts compression also in 
every direction, and if used in small bodies, b valuable as a 
means of connecting other materials. Timber, being prac- 
tically unchangeable in the direction of its length from the 
mere absorptbn of either heat or humidity, and at the same 
time practically both inextensible and inconmressible in that 
direction, and being idso r^ily wrought ana easily combined 
alike with itself and with iron, b a valuable material in the 
hands of the constructor; but it shrinks and swelb in the 
direction of its thickness, and, in consequence, b subject to 
rapid decay when exposed to alternations of oaobture and 
diyness; and although in many varieties timber b per- 
durable and unchangeable in form if it be kept either alto- 
gether free from moisture or always whofly wet, its quality 
of inextensibUity b greatly dimini&ed in value to the con- 
structor on account of the comparatively slight resbtance it 
ofiera to compressing power, and the comparative ease with 
which its fibrous structure is torn asunder. From thb 
cause it cannot be grasped or otherwise held so that its 
power of resbting extension may be made available in «iy 
degree proportioned to its strength ; whibt its Quality of in- 
compressibility in the opposite direction b of less wue to 
the constructor for many purposes wUch require thai 
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Construe quality in the material, because it absorbs moisture by die 
tion. ends of the fibre more readily, and witli a far more mischie- 
""^/^^"^ V0U8 efiiect, than it does in the direction in which it is com- 
pressible. Hence timber rots more rapidly by the ends 
than by the sides. 

Stone and brick, the other main available materials in 
genera] construction, keep their places in combination by 
means of gravity. They may be merely packed together, 
but in general they are compacted by means of mortar ; 
so that although the main constituent materials are wholly 
incompressible, masses of dther, or of both combined in 
structures, are compressible until the mortar has indurated 
to the same condition of hardness. 

That kind of stone is best fitted for the purposes of 
general construction which is least absorbent of moisture, 
and at the same time iree to work. Absorbent stone ex- 
posed to the weather rapidly disintegrates; and for the 
most part non-absorbent stone is so hard that it cannot 
always be used with a due regard to economy. The con- 
structor therefore, when he can command fitting stone of 
both qualities, exposes a face of harder stone to the weather, 
or to the action which the softer stone cannot resist and 
forms the main body of the structure of the latter so pro- 
tected. The hard and the soft should be made to bear alike, 
and should therefore be coursed and bonded together by 
the mason's art, whether the work be of stone wrought into 
blocks and gauged to thickness, or of rough dressed, or 
otherwise unshaped rubble compacted with mortar. 

Brick, if good, is less absorbent of moisture than any stone 
of the same dc^ee of hardness, and it is a better non- 
conductor of heat than stone. As the basis of a stable 
structure, brickwork is more to be relied upon than stone 
in the form of rubble, when the constituents bear the re- 
lation to one another last above referred to, the setting 
material being the same in both ; because the brick by its 
shaped form seats itself truly, and produces by bonding 
a more perfectly combined mass ; whilst the imperfectly- 
shaped and variously-sized stone as dressed rubble can 
neither bed nor bond truly ; the inequalities of the form 
being to be compensated for with mortar, and the irregula- 
rity of size of the main constituent accounted for by the 
introduction of larger and smaller stones. 

The most perfect stability is to be obtained nevertheless 
from truly wrought atad accurately seated and bonded 
blocks of stone, mortar beine used to no greater extent 
than may be necessary to exclude wind or water, to pre- 
vent the disintegrating action of both upon even the most 
durable stone. When water alone is to be dealt with, and 
especially when it is liable to act with force, mortar is neces- 
sary for securing to every block in the structure its own 
full weight and me aid of every other collateral and super- 
imposed stone in order to resist the loosening effect wnich 
water in powerful action is sure to produce. ^ 

In tlie application of construction to any particular object, 
the nature of the object will greatly affect the character of 
the constructions and the materials of which they are to 
be formed. The object of a breakwater is to check the 
run of the sea when it is acted upon with power. It may 
be that in some cases piles of timber driven into the bed of 
the sea, and made rigid by repetition or by combination, 
might have strength enough to withstand and to break the 
run of the sea ; but there is a range between high and low 
tide throughout which the piles would be exposed alter- 
nately to oppfMite influences, either of which alone would do 
the timber little injury, but which acting in rapid succession 
will in a short time destroy what might otherwise have 
resisted the extremest force of the sea for ages. Timber 
failing in enduring usefulness, which it will the more rapidly 
if it be lefl in any degree dependent upon wrought iron ; or 
if the depth and the run of the sea be too great for timber, 
stone is adopted. Large blocks of the densest stone may 



be tipped into the sea, and serve as a base to other blocks Construe* 
in succession until a mound, mole, or dike, be formed reach- ^^^"■ 
ing above high-water level. This dike may have had such ^^***' ^"^^ 
slopes given to it as experience had shown that heaped up 
blocks of rough-hewn stone would take on dry ground ; but 
if, even while the work is yet in progress, a gale of wind oc- 
casion a great run of the sea, the half-raised breakwater will 
be converted into something little better than a shoal of 
rubble;— it having been overlooked that the blocks of stone, 
when immersed in water, had lost so much of their weight 
that far less force than was necessary to move them in air 
tumbled them about in the water as small pebbles are rolled 
on the sea-shore. The stones were uncombined, and every 
surface stone was exposed in a half floating condition to the 
force of the sea, while its fellows below became exposed as 
those above them were rolled away. The construction 
wanted rigidity. The water must be excluded from among 
the stones, so that the whole shall form one mass, from the 
level at which the run of the sea in a storm can first be felt, 
up to and above the highest hizh-water level at the place. 
By such a process, labour and skill will perform effectually, 
with a comparatively small body of stone, what a huge mass 
of cnide material unskilfully d^t with had failed to accom- 
plish. 

In a line of road, the object sought in constructing an 
embankment is a firm foundation to the roadway or the 
railway, by which the traffic may be carried on with perfect 
safety. The work that failed as a breakwater may form an 
enduring embankment on dry land. The loose blocks of 
stone which, when immersed in water, were too light to 
resist the force of the sea, will remain undisturbed by the 
trains rolling over them when heaped up in air, though 
unarranged by the art of the mason, if the stones be al- 
lowed to make such slopes as they will naturally form when 
dropped down from above as if dropped into the sea ; 
or as a measure of dry sand tipped out upon an earthen 
floor will form its own slopes, so a rubble tipped embank- 
ment will take slopes and maintain them against any pres- 
sure firom above. Such a construction is rigid in air, but 
subject to movement in water : the circumstances are dif* 
ferent. But construction would nevertheless dictate the pro- 
priety of filling in the interstices between the rubble, to pre- 
vent water, as rain and snow, from passing through the em- 
bankment, and so to soflen the ground beneath that the 
stones would sink into it, and thus produce movement in 
the otherwise rigid structure. 

With these considerations would come also another. A 
small amount of skill in packing stone rubble will greatly 
reduce the quantity of material necessary to form such an 
embankment, by substituting less inclined slopes for the 
natural inclination of the dropped rubble. From merely 
packing dry rubble to laying it in courses, — and from the 
construction of a heavy mound of rubble to the construc- 
tion of a series of piers and arches, — the steps are gradual ; 
but safe structure and a stable foundation may be ob- 
tained by any of the means indicated. Circumstances must 
dictate the kind of construction proper in each particular 
case. The quiet traffic of a canal might seem to permit 
the use of constructions less carefully carried out than those 
which may be necessary to the carriage road, and more par- 
ticularly to a railway ; but while derangements may occur 
in the substructure of a railway without stopping its traffic, 
the canal must be so constructed as to prevent the possi- 
bility of defect, for the water is constantly and insidiously 
working to make defects, the exbtence of which may involve 
the safety of the surrounding country, as well as the inter- 
ruption of its traffic Hence canal works must be sound 
and secure constructions ; — there is no tampering with 
water ; — and the same rigorous attention to security should 
be given to railway constructions, which so oflen verge 
upon the dangerous. 

B 
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The railway or road embankment is more commonlv 
made of clays and other plastic earths than of stone ; and, 
as usually made, it is a formation rather than a construction. 
But an earthen embankment ought to be a construction in 
the sense in which a wall is a construction. It ought to be 
executed in layers, and not tipped in heaps. 

The lateral spread of an ^uthwork embankment firom 
its crest to its base will depend mainly on the character of 
the soil. This is to be ascertained by experiments upon 
the inclination at which it will stand ; but as there are soft 
and yielding places over which earthwork embankments 
have to be H)rmed« it may be that an embankment will re- 
quire a wider base because of the yieldingness of the 
ground under it, than the soil of which the embankment is 
to be made would reouire for itself, even as a merely tipped 
deposit. On the otiier hand, it will be found in practice 
that the application of the princiole of construction, as above 
stated, to the formation of earthwork embankments, gives 
the means of compelling the earth in any case to stand at 
much steeper slopes than it will without such disposition and 
working. 

The converse of an embankment in a line of road of any 
kind, is a cutting, the matter cut out being the material 
of which the constructed embankment is formed. The sides 
of a cutting must be securely retained, and constructions of 
some kind may become necessary. They may be neces- 
sary from the peculiar character of the soil, or desirable for 
economy's sake, whether it be on account of the costliness 
of the site, or of the heavy earth-works involved to give the 
sides of a cutting such long slopes as the soil in the case 
may require. Constructions, that is to say, combinations 
of foreign materials disposed artificially, do become neces- 
sary bo3i with or to embankments and in cuttings. Bridges 
over rivers or other water-courses, in the bottom of a valley 
so deep that the material from the nearest cuttings will not 
fill it, or fill it only at a cost greater than the cost of a bridge ; 
or cuttings so deep, or in such a soil, that economy or sta- 
bility dictate the employment of retaining constructions 
which shall be wholly independent of the soil in the work 
or in the slopes ; — these involve considerations of the same 
nature and cnaracter as those which arise in the apparently 
complex design of Cologne Cathedral, or of the Abbey 
Church of Westminster. 

Every piece of construction should be complete in itself, 
and independent as siich of everything beyond it A door 
or a gate serves its purpose by an application wholly foreign 
to itself; but it is a good and effective, or a bad and inef- 
fective piece of construction, independently of the posts to 
which it may be hung. 

Whilst the wheel of a wheel-barrow, comprising fellies, 
spokes, and axle-tree, is a piece of construction complete in 
itself, and independent as such of everything beyond it, an 
arch of masonry, however large it may be, is not necessarily 
a piece of construction complete in itself, — ^it would fal\ to 
pieces without abutments. Thus, a bridge consisting of a 
series of arches, however extensive, may be but one piece 
of construction, no arch being complete in itself without 
the collateral arches in tlte series to serve as its abutments, 
and the whole series being dependent thereby upon the ul- 
timate abutments of the bridge, without which the structure 
would not stand.^ 

A bridge, of which the bridging way is formed upon arches 
of masonry, may be thus but one piece of construction ; and 



in like manner, that paragon of constructive skill, the com- ConBtruo 
piete church, whether caUiedral or otherwise, as built in the (io°* 
pointed style when that style was practised with perfect 
knowledge of and in full accordance with true constructive 
principles, is but one piece of construction. Like the long 
series of arches in a bridge, viaduct, or other such work, in 
whicli the piers are vertical supports to the bridging struc- 
ture, and may be of no greater substance than is necessary to 
bear the weight coming directly by vertical pressure from the 
superincumbent structure and its possible load, but throw- 
ing all the pressure arising from weight acting laterally, or as 
thrust, upon terminal abutments ; — ^nothing may be omitted, 
as nothing can be removed from the structure of the pointed- 
arch cathedral, or other church built in that style, — the 
whole system of which is bridge-like in construction, — with- 
out leaving something unsupported or unresisted that re- 
quires vertical support or lateral resistance. The western 
towers of a pointed cathedral form effective abutments to 
the long series of arches of the inner ranges over the piers 
which stand between the nave and the aisles on either side, 
whilst turrets or massive buttresses and deep porches upon 
the northern and southern transept fronts perform the same 
duty in respect of the arches of the transepts. The counter- 
Acting east end of the chancel forms a true constructive 
abutment to the arches of the chancel, whilst the tower, 
with, it may be, a spire upon it, at the intersection of the 
four grand compartments of the cross, gives, by its weight, 
abuttal to them all. The want of this last-named grand 
and essential body in the system is but too strongly marked 
in many of the English caUiedrals by the iron bars which 
have been applied to tie in the arches of the nave, tran- 
septs, and chancel, and to relieve the piers upon which the 
transept arches bear at a higher level, from the thrust to 
which — being without the weight of a tower upon them — 
they have continually yielded. 

Transversely the weight and the thrust of Uie vaulted 
ceilings of the nave are brought up to, and thrown against, the 
piers of the clerestory, which stand upon the main piers or 
columns of the interior below, and are abutted by flying 
buttresses, which carry the thrust down to the pinnacle- 
weighted buttresses of the outer able walls which have al- 
ready received the weight and thrust of the vaulted ceilings 
of the aisles themselves. Corbels in the walls, and spread- 
ing capitals upon shafts take the weight directly, ana leave 
the walls and piers but little encumbered in the middle, so 
that the vertical structure is continued upwards without 
bearing upon the springing stones of the arches. 

But it is not necessary Uiat the arch employed should be 
the pointed arch to produce combinations as effective in 
construction as the most perfectly designed and extensively 
elaborated work of the kind referred to as models of con- 
structive skill ; the skill consists in a full and clear percep- 
tion of the bearing and leaning of every part, and of the 
means necessary to support and counteract the bearings and 
the leanings widiin the reasonable limits of the work with 
reference to its object and purpose — to the end that the 
work may become complete in itself, and independent as a 
piece of construction of everything beyond it.* 

An application of the principles of construction exhibited 
in the most perfect worxs of constructive skill ever exe- 
cuted, as above indicated, may be made in the rougher 
operations of mere practical utility. It has been intimated 
that the sides of cuttings through certain earths in the for- 



' This illastration is not intended to apply to the widely distended muMi of the older bridges, by which each pier becomes sufficient 
to abut the arches springing from it ; bat which, in providing for a way over a river, chokes up the way by the river itself, or compels 
the river to throw it down, or otherwise destroy its own banks. 

* In making reference to the noble works of construction above referred to, and in which the art of the mason is mainly employed, 
as works exhibiting construction most fully and moet truly, the Hall must not be passed over without remark. 

Of all the great halls of the class to which Westminster Hall belongs, this hall is itself the most effective as a work of construction ; 
and its effect is wholly produced by the magnificent roof which covers it. This roof is a piece of carpentry admirably designed to re- 
solve it into a compact body to act upon the walls in the direction of gravity alone. But the object was not wholly attained, and of thia 
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"nnntruc* matjon of Ibies of inland cammunicatioD, whether carriage- 

Uon. roads, rulways, or canals, are sometimes required to be 

"^^/^^ widened out to an inordinate extent because of the loose- 

ness or elipperiness of the soil, or otherwise to be retained 

or held upright by special constructions. 

The expense of uie first formation of a cutting under 
given drcumatances is easily calculable, and so is the time 
within which the work may be effected. Experience has 
proved that there is for every soil a limit in depth beyond 
which it becomes more expedient to dritl the required way, 
and construct a vaulted tunnel of sufficient dimenBions, 
than to make an open cutting with the requisite slopes. 
Even when tlie first cost would not decide the question, the 
preference is nevertheless often given to the tunnel because 
of the greater security of constructed work. 

A tunnel is expensive, not from the nature and extent of 
its constructions, but from the circumstances in which those 
constructions must be executed. The mere conatructicins 
are less than would be consumed by common retaining walls 
to the udes of a cutting not deeper than the height of an 
ordinary railway tunnel : the several parts of a tunnel de- 
rive support fi^ each other, which is not the case with 
ordinary retaining walls, whose efficiency depends wholly 
upon the resistance which their own mass or weight and 
extent of base enable them to offer to the pressure of the 
body to be retained. If to two opposite retaining walls be 
given sufficient means of assisting one another, they may 
be at once reduced to one-third of the bulk they would 
otherwise reouire, and would then be as safe as the sides of 
a constructed tunnel, the strength of which, supposing the 
work to be properly executed, is only limited by the power 
of the setting material employed in the work to resist com- 
pression. 

Before proceeding to the consideration of the means of 
enabling oppo»te retaining walls to assist each other, it may 
be worth wnile to consider, whether retaining walls are ge- 
nerally constructed w as best to adapt their components to 
the duty to be performed. 

No one would place a buttress intended to resist the 
thrust of ao arch, within the springing walls, or under the 
arch whose thrust is to be resisted ; yet in the construction 
of retaining walls, according to the common practice, the 
counterfort is placed on that side which receives the pres- 
sure, where its utility is very questionable, except to beep 
Ae retaining wall from foiling back against its load, which, 
from the transverse section generally given to such walls, 
they would be apt to do, if not so propped up by their 
counterforts. Wharf and quay walls,and the revetment walls 
of military works, may require a &ce unbroken by pro- 
jectitms ; but this is not the case with retaining walls 
for roads and railways, where a long line of projecting 
butbcsses would be unobjectionable, the counterforts be- 
coming but tresses and merely changing places with the 
wall. 

On account of the common practice of battering the ftces 
of retaining walls in curved lines and of radiating the beds 
of tlie bridcwork composing them from the centre of curva- 
ture in every port, the batJc of the wall must contain more 
setting material than the &ce, with the same ouantity of 
solid brick ; that is, if the work be bonded through. Coun- 
terforts must be built in the same !:ourse3, and consequently 
must have still thicker beds of compressible mortar than 



the wall; or the bond between the wall and its counterfort CodbItur- 
must be dropped, and the counterfort thus become utterly '^°^- 
InefficienL '^-^•n^ 

The retaining walls in the cutting upon the line of the ex- 
ten^Hon of the London and North- Western railway, from 
Camden Town to Euston Square, are, according to the com- 
mon practice, built wholly of brickwork in radiating courses 
and with counterforts following their own contour. In this 
case the centre of (gravity of the wall falls wholly behind its 
base ; and the counterforts not commencing until the wall 
has reached one-third its height, render it still more de- 
pendent for support upon the ground it is intended to re- 
tain. It is well known that these extensive walls, though 
furnished with all the collateral works necessary to protect 
them fi^>m exposure tn undue influences, and although set 
nearly one-fourth of their height in the ground, failed to a 
considerable extent. A system of strutting with cast-iron 
beams, across from the opposite walls, to make each aid the 
other, was applied to meet the emergency; but this is limited 
to the upper parts of the walls- 




it tha tcH of tbe t^nflDf vsIU by inTvrted inlaw. 
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Abutting struts firom opposite walls, occurring at intervals 
only, leave the intermediate portions of the tmUs exposed 
to pressure from behind without support, unless these in- 
termediate portions ore so disposed as to communicate the 
pressure upon them to the struts. Hence a common re- 
taining wall, abutted at intervals, would require these inter- 
vals to be more or less distant, in proportion to the sirengtb 
of the wall between them. Instead, therefore, of a con- 
tinuous wall on each side of the cutting, buttress walls 
should be placed at intervals, opposite to one another, and 
strutted apart at their toea by an inverted arch, and above, 
at a height sufficient for whatever traffic the cutting is to 
accommodate, by a built beam of brickwork, in vertical 



M foUy eonniaiu ; for whIUt encttng manlTii wdli on which to pUea bis aUborota combination of timbar, h> threw 
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The open or untied roof, of which that of Weitniiniter HaU b go egregiooi an example, bad Iti origin probably In the want of timber 
loog enoagh to lerTe u Ue-beami at tha higher level of the eollan in tbeee rooft, or to reach airoaa from waU to wall when It waa 
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CONSTRUCTION. 

- couracB, supported on an ardi, and prevented from rising These diagrams represent a cutting 65 feet deep to tbc Couitroo 
under the pressure by an invert upon it. This built beam level of the rails. It is afsumed, that the ground attiietop tioo. 

•' will then be, as it were, a piece of walling turned down on \.»^^fc- 

it« vertical transverse section, and will resist any pressure 
brought upon it through the buttress walls, to the full ex- 
tent of the power of such a wall built vertically, to bear 
weight laid upon its summit; — the pressure would be applied 
in the line of the greatest power of resistance, and there 
would be no tendency to yield, except to a crushing force. 
Let such transverse buttress walls, so strutted apart, with 
the road between them, be the springing walla of longitu- 
dinal counter-arched retaining walls, which, being built ver- 
tically and in horizontal courses, but arched in plan, against 
the ground to be retained, will carry all the force exerted 
against them to thtir springing walls, and the springing walls 
or buttresses will communicate, through the struts, the 
power of resistance of each side to the other, and thus insure 
the security of both. 



This arrangement may be carried to any extent in height, 
by repeating the abutting beam or strut at such intervals as 
the thrust to be resisted and the strength of the buttress 
^ringing-walls may require. 

To constructions thus arranged, any requisite power may 
be given, by altering the quantity of materials in each part ; 
the length of the buttresses transversely of the cutting, — 
the number of struts to each pur of buttresses, — or the 
length of the compartments. The thickness of the but- 
tresses should be in proportion to their height and length, 
and their length should be in proportion to Sie flatness and 
weight of the struts with their arches, and to the space in 
hei^t between any two of them, as well as to the magni- 
tude of the thrust brought to them by the counter-arcned 
retaining walls. The inverted arch below and tlie built 
beam above must, of course, have sufficient substance to 
enable them to resist, without yielding in any direction, the 
pressure brought to them through the buttresses { and the 
retaining walls themselves must have substance given to 
them according to their heieht, — to the pressure they are 
liable to receive from behind, — to the length of the com* 
partments — and the extent of their flexure; — subject, of 
course, as to all these, to the nature of the materials, work- 
manship, and mode of structure. 

The positive strength which such constructions should 
possess depends much, of course, upon the nature of the 
soil, and its susceptibility of being ^ected by external in- 
fluences } but it depends, even in a greater d^ree, upon 
the manner in which the constructions can be applied to 
the ground they are intended to retain. A very slight 
power will retain at rest a body which the exertion of great 
force could not stop if once in motion ; agd a half-brick 
counter-arch, set in close contact with undisturbed ground, 
would hold safely jrp what three times the substance would 
not stop if there were space and opportunity for modon 
between the ground and the brickwork. It is impossible, 
therefore, to state precisely what is the least strength which 
the retaining constnictions must have ; but there can be 
no question that too much strength is better than too 
little, and it is generally cheaper to pay in materials than 
hi labour to save materials. 



TruiTSHBHtlon tbroDfli tb« «>ntra »f > for- 

may stand for the first 15 feet at less than 2 to I, and that 
it may, therefore, be cheaper to mn out to that depth with 
slopes, leaving SO feet from the rails, or about 52 feet in 
a]l, to be retained. As the bricklayer may follow up the 
excavator with bay afler bay, his work lying mostly on the 
ude and out of the way of the excavator, the latter would 
run out the spoil widiout interruption, his work being 
benched onwards and shored as he proceeded. As every 
compartment, with its buttresses, invert, abutting beams 
and counter-arches is complete in itself, the ground being 
backed against the counter-arches as tbe work rises, the 
shoring would come out, and be sent on for use on the for- 
ward benches. 

The invert may be turned upon footings in half-brick 
rings, to get the largest quantity of solid resisting matter in 
the curved line. At a height from the sur&ce of the rails 
sufficient for headway — assumed at 14 feet 6 inches — a 
14-inch bonded arch is turned from buttress to buttress 
springing frtim skewbocks on corbelled courses. Upon the 
back of this arch the abutting beam is built of brick on end 
and edge, bonded as a wall, with beds vertical and widening 
over the haunches of the discharging arch and under the 
similar inverted arch turned upon it i so that although the 
beam be in the centre but 21 inches deep, it presents an 
abutment at each end of three limes that depth. The ob 
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ject of the invert over the abutting beam is to stiffi;n it and 
to bring down and distribute the weight and pressure from 
the buttresses more effectually. 
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The bu3t beam^ and its sustaining and stifiening arches, 
should be composed of particularly well-formed bricks of 
really good quality, set in Roman cement or other quick- 
setting mortar, that there may be no yielding to the pres- 
sure which must be immediately tlirown upon this part of 
the coostruction. 

Another built beam, of ereater depth, because of the 
absence of any inverted arch to stiffen it, is thrown across 
over the back of a semi-circular arch, with its abutting ends 
extended in like manner. 

To relieve the work from water, a drain being run along 
over the middle of the inverts, or side-drains being passed 
by rine culverts through die buttresses, drain-shafts are 
carriecf up at the backs of the buttresses against the spring- 
ings of the counter-arches, to within a few feet of the sur- 
&ce. These shafVs being steened with open joints at in- 
tervals to admit drainage water and communicating with 
the drains below, prevent the possibility of water lodging 
about the backs of the counter-arches, or even in the ground 
itselfl The drain shafls should be semi-domed with bricks 
set dry and covered in, and the walls also backed up with 
good clean gravel, through which the surface water might 
percolate and pass freely down to the shafls. 

The constructions are assumed to be of brickwork, for 
the obvious reason that the cases supposed being clay cut- 
tings, brick is the material which would be most econo- 
mical. But if masonry be cheaper, it may of course be 
used with the same effect Where a cutting intersects 
loose beds of laminated stone, and particularly strata inclined 
to the horizon, so as to be unsafe with the ordinary slopes, 
such constructions are available ; and in cases where the 
sides of the cutting will stand vertically or neariy so, as in 
chalk, it may be useful to apply similar constructions, 
though of slight character, to check the separation and fall 
of masses finom the precipitous sides. 

It IS obvious, too, that these constructions present the 
means of security, when the stratum forming the base of 
any cutting is too weak to bear the weight of slopes, or of 
retained sides, without rising between them. Sheet-piling 
may be driven to any depth along the backs of the counter- 
arched walls so as to be retained at the head by the walls ; 
and thus in effect the walls would be carried down to a safe 
depth, even through the weak stratum ; whereas such piling 
at the toes of slopes is commonly found to be almost if not 
wholly useless, for the want of a stay to the head. 

Embankments formed in the manner already described — 
that is, by a process, of construction — ^may be, as previously 
stated) rused higher and with a relatively narrower base than 
if formed in the usual inartificial way; but tliere is a limit 
which may not be passed in heaping up compressible or 
otherwise yielding materials, how skilfully soever they may 
be disposed, and this will indicate the limit at which con« 
structions proper may be introduced with economy, as in 
the converse case of retaining constructions to avoid inse- 
cure or expensively long slopes in cuttings. 

The height to which the particular soil may be raised 
upon itself with safety and economy being determined, the 
greater height required is to be obtained, not by an en- 
deavour to encase the bank by constructions extending 
laterally as retaining walls, but by bridge-like culverts 



built under the bank, or of so much of tlie bank as may be Construe- 
safely built of earth. tion. 

Such bridge-like culverts may be composed with great ad- 
vantage, botn in respect of economy ana of strength, in the 
manner suggested by the present writer for the upper works 
of Westminster Bridge, in the practical treatise on Bridge 
Building, forming part of the Theory, Practice, and Archi- 
tecture of Bridges, published by Mr Weale in 1842. This 
involves a system of groining whereby that important ele- 
ment in construction — rigidity-— is obtained, whilst the com- 
position is but a variety of that which is embodied in the 
structure of the nave and aisles of the model of construc- 
tion before referred to. Such substructed works may be 
rough but must be sound as work, and being covered with 
fifieen or twenty feet in depth of earth, they would not 
feel the vibrations which act so mischievously upon the lofty 
and costly viaducts in which railway-makera have exhibited 
their skill and taste to the cows and the crows, and which 
react both upon the upper works of the railway and upon 
the rapidly passing train in the shock felt throughout when 
the moving load passes the line between eaithwork and 
masonry. 

CONSTRUCTION AS AFFLIED TO CIVIC STRUCTUBES 

OENERALLT. 

The ignitibility of timber, and the rapidity with which 
it burns when placed in circumstances so favourable to 
that effect as by its disposition in an erected building, 
have led to its prohibition for the purposes of the main 
inclosures of houses, and buildings generally, in London, 
and in some of our larger provincial towns. It is possible, 
however, so to protect timber employed in the inclosures 
and for the internal partitions and floors of buildings as to 
render mere dwelling-houses practically fire-proof. Whilst, 
however, the liability of timber to take fire and to bum may 
in a great measure be counteracted, and notwithstanding that 
this material combines the advantage of economy with secu- 
rity, stone and brick are undoubtemy better adapted for the 
main structure of a building. Brick or stone, or brick and 
stone together, with mortar as a setting roateriid, ought to be 
employed, but in such manner only as to be free from depen- 
dence upon other and less trustworthy materials. The most 
perfect erections as buildings are those in the composition 
of which this principle has been understood and &irly prac- 
tised. If adventitious aid be given to brick or stone walls 
by foreign materials, the matenals ought to be at the least 
harmless. Iron in bulk is not a proper substance to in- 
corporate with walls, because of its great expansibility by 
heat J but iron used in thin laminae, as hoop-iron laid in 
walls in the bed-joints of the brick or stone, cannot be 
productive of any bad consequences whilst it is most bene- 
ficial in that form as a tie to the structure. 

Bricks come ready shaped to the hands of the workman in 
a form the best acfaptea for the arrangement in the con- 
struction of a wall which, under the designation of bond, 
gives it such a degree of consistency that a weight placed 
upon the top is carried by the wall in every part through- 
out its whole thickness, and throughout a greater or less 
proportion of die length according to the Height of the 
wall.i 



^ Bond in brickwork is most oonTeniently and most effectively formed and maintained by diapoeing the bricka in their oooraas either 
•ndwiie and lengthwiie (technically, header and Rtretcher), alternately brick and brick, or course and cooree ; that is to say, that the 
bricks in eveir coarse shonld be laid alternate header and stretcher, or that the courses should consist of all beaderi and all stretchers 
alternately. The former arrangement — alternate header and stretcher in the same and in every course — is known In this country as 
Flemish bond ; and the latter--altemate courses of header and stretcher—is distinguished by the term English bond. Neat work in 
face can be produced more easily with Flemish bond, but English bond has the reputation of being the best M>nd structurally. But why 
these two arrangements should be distinguished by the names they bear is unknown ; at least it is unknown to tiie present 
writer, who supposed, in common with most other people with whom he had conversed upon the subject, that alternate header and 
stretcher in the same course was the practice in Flanders, and generally in the neighbouring countries on the Continent, whilst the term 
BDgBsh bond seemed to imply that the arrangement which bears that designation is peculiar to ESngland. A visit made a few years ago 
to th« countries where Flemish bond ought most to abound, if the name be properly applied, enabled the writer to observe what had 
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Stone, un the other hand, comes to the workman with- 
out regular form ; and with skill on his part to dispose and 
arrange the materials, eood erections may be produced of 
rubble ; for although die thickness of which walls may be 
built of rubble wiSi safety will depend in a great degree 
upon the quality of the mortar, much depends also on the 
skill of the workman in bedding and bonding the stones. 
Under any circumstances, however, a wall so composed can- 
noty safely, be charged with heavy weights, nor be exposed 
to the vibrating action of floors, until the mortar shall have 
hidurated to some extent ; whereas a wall of brickwork is se- 
cure by the horizontal bedding of the bricks, and by the ef- 
fect of the transverse bond which the alternation of header 
and stretcher almost necessarily produces. Stone, again, may 
be dressed to any shape, and so as to mould it to every 
variety of construction with the smallest possible quantity 
of mortar or cement. From blocks with rough hammer- 
dressed parallel beds, up to the most complete and per- 
fectly wrought parallelopipeds adapted to any arrangement 
of bond that may be best adapted to the structure, and with 
combinations of rudely formed and perfectly formed pieces 
of stone, walls may be built of stone of greater strength than 
the best bricks can be made to yield, whilst stone walls are 
liable to be inferior in every respect to brick-built walls of 
ordinary quality. 

Some combinations of the two kinds of materials have 
the effect, however, of making a better wall than could be 
produced by the main constituent in the form employed 
alone. A stone-rubble or pebble-built wall is ereatly im- 
proved by one or two bonding courses of bnckwork at 
short intervals ; and a brick wall is improved and adapt- 
ed for a higher puipose by thorough courses, at intervals, 
of good stone, wrougnt to bed and Joint truly ; whilst on the 
other hand, a wall substantially of stone-rubble or pebble, 
and faced with brickwork, is essentially an unsound wall ; 
as in like manner a brick wall faced with wrought stone is 
liable to be weaker than the brickwork would have been 
without the stone. 

With regard to the thicknesses of the walls of build- 
ings, it is generally considered that these should be go- 
verned by the height of the structure; but they ought 
not to be determined by that condition alone. Chimney- 
breasts, or other buttress-like projections, built up with 
a wall, and extending to more than the diickness of the 
wall, make it in fact stronger in its transverse section, 
and justify less general thickness in the body of the wall, 
whilst window and other openings in a wall leave piers 
which ought to be of greater mickness than the mere 
height would require. But all returns, indeed, whether as 
chinmey-breasts or as cross walls, built and bonded with a 
wall, tend to render unnecessary the full thickness which 
the height might require; whilst, as just intimated, the 
omission of portions of a wall for door and window open- 
ings should be compensated for by additional substance to 
the parts which remain. 

Walls subjected to undue action, such as that arising from 
slight joists tailed into them, or that occasioned by in- 



clined timbers, as under galleries in churches, chapels, and Oonstruc- 
theatres, require to be of greater thickness than they other- ^*c>°- 
wise would ; whilst it is quite wonderful to what great heights 
brick walls may be built with safety, if they are well built, 
and exposed to no other action th^ direct vertical weight 
When, indeed, such walls stand upon a sufficient foundation, 
direct vertical weight without motion is a means of security 
to the walls so long as the weight is reasonably within the 
power of resistance of the materials to crushing pressure. 
The object to be looked at, therefore — the walls being 
honestly built — is, aa hereinbefore remarked, to make the 
weight to be imposed upon any wall act upon its solids ver- 
tically and steadily. 

Floors upon girders, or framed to strong trimmers — the 
girders or the trimmer-ioists running into and bearing upon 
the piers or solids of the walls — are fiur preferable to what 
are termed single floors, of which each joist runs into the 
wall. Girders, as the basis of floors, render plates in the 
walls wholly unnecessary, by depositing the weight in the 
right places, without requiring plates to carry it on from 
the weaker to the stronger places ; and being of necessity 
stout and rigid, they form a fliir tie and strut to the walls 
into which their bearing ends are tailed. 

Whether girders or trimmer joists be employed for placing 
the weight of floors upon the walls of a building in the 
safest manner, the bearing timbers ought to be placed 
upon pieces of stone as templates buut into the walls, 
and be made to take a oog-hold of the templates, so as 
to enable them to tie and stay the walb by means of the 
cogs.* 

It is by means of the girder bearing upon the solids of 
the walls, though with bsid carpentry, that the French are 
able to carry up their sofl stone rubble walls to heists 
that would certainly be unsafe if the walls were seamed 
with wooden plates, and shaken by floors of single joists ;' 
and it is by means of the solidity given to the floors by 
the girders, and the solid bearings which the girders ob- 
tain, that the floors are able to carry the dead weight of 
matter which renders them practically fireproof, as here- 
inafter described, m addition to the moving weights to 
which the floors of buildings are necessarily expmed in 
use. 

We can and do frame floors most effectively by car- 
pentry alone ; whereas the French do the work so badly, 
that no important bearing is, or indeed may be, trusted by 
them to the framed joint— dog-nailed stirrup straps of iron 
being alv^ys brought in aid. But the common practice 
with us is to use single or unframed floors, which carrv the 
weight and the vibration to which floors are exposea into 
the walls, over voids as well as over solids ; while the French 
frame their floors to or upon girders, by means of which the 
floors are brought to bear upon the solids of the walls. 
The walls are thus not only less exposed to vibratory action, 
but are both tied together and strutted i4Mut with better 
effect by the stout girders stiffened by joists, than by joists 
which Uiemselves require some foreign aid to stiffen them. 
Moreover, single floors of joists, unless trimmed at frequent 



never, to his knowledge, been remarked by any person who had published his remarks, and what was quite unknown to every one to 
whom he has stated, since his return, what he had observed. At Rotterdam and at the Hague, at Antwerp, at Brussels, and at Li^, at 
Cologne, at Mayenee, and at Frankfort, and again throughout the north-eastern parts of France, brick walls are built according to the 
arrangement distinguished in England as English bond ; and Flemish bond is unlinown, at least no single example of it fell under the 
writer's observation in any of the towns and countries indicated, although his attention was called to the subject by the quay walls at 
Rotterdam before he set foot on shore. 

* A cog-hold is best obtained through the agency of a chair of cast iron, which should, however, be itself cogged or joggled to a stone 
template laid in the wall under it, and be capped or covered by another broad flat stone, as an inverted template, with a joggle firom the 
chair running up into it. 

> The author, being at Paris in 1846, measured the thickness in the ground-floor story of a newly-built eoursed-rubble party-wall. In 
the Rue de la Banque (the Gresham Street of Paris), and found it to be exactly 18 English inches in that part, whilst the total height of 
the wall was not leas than 85 feet. The wall ran up of that same thickness through six stories, a heii^ht of not less than 66 feet, and was 
terminated by a gable of from 12 to 16 feet high, of the same kind of structure ; and there was besides a vaulte'd basement story, through* 
out which the widl might have been 20 inches thick, as other similar walls then in progress to neighbouring buildings proved to be. 
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Copfltrue- intervals, when, indeed, they may be termed half-framed, 
turn. are supposed to require plates of timber laid along the in- 
side faces of outer walls and upon internal walls. This de- 
fect is avoided by our neighbours, who exclude all timber, 
except the bearing ends oi girders, from their walls, and use 
framed floors. 

When the walls of a building have reached their full 
height, the wall-plate comes into use legitimately — ^to cope 
the walls, in fact, and to form a curb as a base upon which 
to place the roof, which should deposit its weight, never- 
theless, by means of its tie-beams upon the plates over the 
solids of the wall below, and which snould, moreover, over- 
sail, so as to cover and effectually shelter 4om the weather, 
the inclosing walls also. 

In setting fbrtli the structural advantages derivable from 
the use of girders as the bases of floors, it may be ne- 
cessary to repeat the warning already intimated against 
the use of giraers of a material of uncertain strength, and 
of treacherous character when exposed to transverse 
strain. 

Cast iron is of uncertain strength, mainly because of the 
imperfections which the most skilful founders, with the best 
materials and every appliance at command, cannot always 
avoid, and which are most liable to occur in the production of 
complex forms in long lengths ; whilst careless founding and 
rapid cooling are contingencies connected with the produc- 
tion of cast-iron girders — ^which are necessarily long and 
complex castings. Cast iron is treacherous, inasmuch as it 
is brittie and liable to be startied into fracture by impact 
trifling when compared with what it may have borne safely 
as a dead-weight 

Proving long metal castings by straining them upon their 
transverse section does but aggravate imperfections, and leave 
the casting weaker ; whilst no dead-weight proof is proof as 
against blows or other action inducing vibration. It is only 
under circumstances which do not admit of concussive action 
upon the beam, or which prevent it from vibrating under 
any shock that may reach it, that cast iron can be safely 
used in beams of long lengths to carry heavy weights, with- 
out some appliance to mitigate, at least, the imperfections 
which this substance exhibits. 

The application of wrought-iron tension bars as soles 
to beams and girders of cast iron, would prevent the most 
serious consequences firom attending the failure of the cast- 
ing, if the beam were also prevented by binders, or by 
other sufficient means from turning round when the blow 
produces an oblique fracture. 

The foundation of a building of ordinary weight is, for 
the most part, sufficiently provt&d for by applying what are 
technically termed footings to the walls. The reason for a 
footing is, that the wall obtains thereby a bearing upon a 
breadui of ground so much greater than its own width or 
thickness above the footing, as to compensate for the dif- 
ference between the power of resisting pressure of the wall 
and of the ground or ultimate foun^tion upon which the 
wall is to rest. It will be dear from this, that if a building 
is to be erected upon rock as hard as the main constituent 
of the walls, no expanded footings will be necessary ; if 
upon chalk — ^upon strong or upon weak gravel — ^upon sand 
—or upon clay — the footing must be expanded with refer- 
ence to the power of resistance of the stratum to be used as 
a foundation ; whilst in or upon made-ground, or other loose 
and badly combined or imperfectly resisting soil, a solid 
platform bearing evenly over the ground, and wide enough 
not to sink into it, becomes necessary under the constructed 
footing. For this purpose the easiest, the most familiar, 
and, for most purposes, the most effectual and durable, is a 



layer of concrete, wliich may be formed so as to cover Construe- 
a surface large enough to obtain from the most yield- ^^<">* 
ing soil the amount of resistance to pressure required to '^■•^ "^ 
support the weight of the intended building. It will be 
eviaent that upon a concrete foundation a footing or ex- 
panded base may or may not be required to a wall, ac- 
cording to the hardness of the concrete and the kind of wall 
to be built; but it is perhaps better to give the footing to 
the wall than to wait for the sufficient induration of tiie con- 
crete to enable the wall to do without a footing; and better 
still, to lay the concrete of such height only with reference 
to the spread or extent of base beyond the toes of the 
footing, that the gravel of which the concrete is made would 
stand at in an uncombined conditiori.^ 

Inasmuch, however, as some soils are liable to change in 
form, expanding and contracting under meteoric influences, 
as clays which swell when wetted and shrink when dried, 
concrete foundations are commonly interposed upon such 
soils to protect the building from derangement firom this 
cause; or rather, to that e^ct walls are brought up firom 
a level sufficiently below the ordinary surface of the ground 
of the cheaper material, concrete, instead of the more ex- 
pensive brick or stone structure. 

When concrete is used to obviate the yieldingness of the 
soil to pressure, expanse or extent of base is required to 
answer the end ; and to this end the concrete, being widely 
spread, should be deep or thick as a layer, only with refer- 
ence to its own power of transmitting to the ground the 
weight of the wall to be built upon it, without breaking 
across or being crushed. But when concrete is used as a 
substitute for a wall, in carrying a wall down to a low 
level, it is in fact a wall, wide only in proportion to its com- 
parative weakness in the absence of manipulated bond in 
its construction, and encased by the soil within which it is 
placed. 

Concrete, indeed, is at all times more safely to be re- 
garded as a substance to be placed as a layer, than as a sub- 
stance to be set up as a wall ; for although excellent erec- 
tions as walls may be made of concrete — ^as erections in the 
same form may be made of tempered clay — neither con- 
crete nor tempered clay is to be regarded as a proper sub- 
stance with which to form the lofty walls of buildings in 
towns. 

SECURITT OF BUILDINGS AGAINST FIRE. 

It is seldom that houses take fire from common ac- 
cidents such as occur to the lighter moveable furniture 
and to drapery ; but, for the most part, from the exposure 
of timber in or about the structure to the continued action 
of fire, or of heat capable sooner or later of inducing the 
combustion of timber ; and as the source is most commonly 
in some stove, furnace, flue, pipe, or tube, for generating or 
for conveying heat, or for removing the products of combus- 
tion, much of the real danger to buildings from fire would 
be prevented by avoiding that degree of proximity be- 
tween timber and all such things as can lead to its com- 
bustion. 

With a view to lessen the danger to which buildings witii 
timber in their structure are exposed from fire, it will be 
well to consider how fiur the timber, and wooden fittings 
commonly used, may be necessary either to the stability of 
the buildings, or to comfort and convenience. 

So long as danger of fire is brought to buildings through 
pipes andtubes, the necessity must be admitted of guarding 
the combustible materials used in buildings from any chance 
of becoming ignited. When heat is produced and passed 



^ ThU iff indeed the only tafe practice in cues In which the full induration of concrete cannot be obtained before the wall or other struo- 
uneto be raiiod upon it ig begun to be built. Gravel poured dry upon the ground will reiolve itself into a cone, having an angle of incli- 
imtton to the borison more or lest acute according to the sharpneea. or otherwise, of the sand and stones of which it is composed. 
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CV)ii0trae- tlirough pipes in any manufactory, whether it be to act as 
tion. power, or for drying or for warming, the fires used may be 
guarded, and the machinery which regulates the intensity 
of the heat to be transmitted may be under constant care ; 
but even in such cases there can be no certain assurance 
that the heat shall not at some time arrive at the point of 
danger as it regards the ignition of combustible substances. 
But when heat is difiused throughout dwelling-houses by 
means of apparatus which is committed to persons unskilled 
in its use, and unconscious or careless of the danger which 
may arise €mm neglect, it seems impossible to lay down in- 
flexible rules for distances firom timber which .shall render 
it safe from heated pipes. Twelve or fifleen inches may 
not be a greater distance than safety requires under some 
circumstances, whilA there are many cases in which the ac- 
tual contact of such pipes with timber is hardly inconsis- 
tent with safety. When the air about the hes^ bodies 
is not confine<^ as it is between the joists and the floor 
and ceilings of an ordinary floor, a distance between tim- 
ber and the heated surface equal to the longest diameter 
of any tube or pipe, will be found a safe distance if the 
temperature of the pipe does not exceed that of boiling 
water. 

It is to be understood, at the same time, that a piece of 
wood will bear a powerAil dead heat upon its sides for an 
indefinite period without igniting, unless a transverse sec- 
tion of tlie fibre, as at or around a live knot, or where a 
branch had been lopped, present itself to the action. It is 
by the end that a piece of wood exposed to powerful heat 
most readily ignites. The gases evolved in the substance 
of the timber by the action of heat applied to its surface 
expanding as they are evolved, are thrown out by the pores 
among tlie fibres at their ends, if the ends are near enough 
to the action to allow of this effect, with less power than 
may be enough to obtain vent for the inflammable gases 
laterally 

The legislature in this country, when it has legislated 
upon such matters, has generally confined itself to making 
provision that the inclosing walls of buildings should be 
formed of incombustible materials. In providing of what 
least thicknesses such walls might be, these were generally 
determined with reference to the height of the building, 
and to the area to be inclosed, as an indication of the pro- 
bable lengths of the walls ; and this both for the purpose of 
promoting safety of structure, and of checking the spread 
of fire firom building to building. As, however, in most 
cases greater thickness is required in the side wall of an or- 
dinary dwelling-house in a town to render its structure se- 
cure, than is necessary to enable it to check the spreading 
of fire, such walls are frequently made of greater uiickness 
than would be necessary to fulfil the objects which the le- 
gislature has had in view, if the walls were not supposed to 
extend the whole length of the two longer «des of a paral- 
lelogram without intermediate cross or return walls. A 
soUd well-built brick wall, one brick or nine inches thick, 
between two ordinary dwelling-houses of five or six squares 
in area each, wiU prevent the communication of fire through 
it from one to the other. 

But, in towns, ordinary dwelling-houses which occupy 
each an area of five or six squares are generally disposed 
in plan as parallelograms, having their opposite sides 18 or 
20 feet, and 28 or 30 feet respectively in length, and are 
seldom carried up to less height than 36 or 40 feet ; and 
walls of such lengths and heights could hardly be deemed 
safe if not more than one brick thick. Consequently, a 
greater thickness has been prescribed, as the least thickness 
of the walls of buildines of the sizes indicated. In the 
older Metropolitan Building Acts much greater thicknesses 
were prescribed for the walls likely to be tlie longer walls ; 
whilst the only necessity for more than one brick arises 
firom structural requisites, and not from any insufficiency of 



a wall of solid brickwork, one brick thick, as a means of Conatruo- 
preventing the spread of fire. But the requisites of the ^^<»^* 
structure would be as well fulfilled by one-brick walls upon 
the- long sides as by 1^-brick walls, if the ordinary internal 
cross partition for dividing a house into front and back 
rooms were built of brickwork, abutting upon, and at right 
angles to, the longer walls, and carried up coursed and 
bonded with them. That is to say, party-walls of one brick 
or nine inches in thickness, connected at their ends by I^ 
brick or 13-inch front and back walls, and at or about 
the middle of their length by other 9-inch cross walla, 
would be at the least as strong as l^brick party-walls, 
though connected in the same manner at the two ends, but 
without the abutting and connecting cross-wall of brick- 
work. Instead, however, of such internal cross walls, hollow 
partitions of timber are commonly used in all stories above 
the basement story ; and it is by these partitions, and by 
the light and highly inflammable wooden stairs, that fire 
extends itself rapidly throughout ordinary dwelling-houses; 
whilst the substitution of a brick wall for the cross timber 
partition would in most cases justify the abatement of a half 
brick of the thickness otherwise necessary to party-walls, and 
give an indestructible internal support to the floors, whereby 
also one of the means by which fire travels rapidly througn 
a house would be removed. It is true that there must be 
openings as doorways^ and fittings in them for doors, in such 
inteniid partition wall ; but the wall could not carry fire up 
from floor to floor through its own heart, as the hollow wooo- 
lathed quartering partition carries it. Doors and shutters, 
and door and window linings, in and against brick or stone 
walls, may take fire and bum in any story of an ordinarily 
built dwelling-house, without carrying it beyond the story 
in which the fire occurs ; for a' plastered ceiling of the 
most common description will resist the action of flame 
upon its surface for a long time, and plastering of really 
good quality, though upon wood laths, will keep fire off 
from the joists by vrhich it is held up, almost without danger, 
so long as the fire acts upon the fiice only of the plastering. 
If, however, fire reach the joists through the agency of hollow 
quartering partitions, the enemy has turned Sie flank of the 
plastering, and the floors and skirtings above and behind it 
taking fire, the building almost inevitably falls a prey to the 
flames. Any step, indeed, from the hollow quartering parti- 
tion towards a solid wall, is a step towards security. A brick 
wall is, perhaps, the best internal partition for all the pur- 
poses of strength and security from nre ; and in small houses, 
which will not afford the expense of 9-inch vails, half- 
brick walls with 9-inch jambs at the doors, and short-9 inch 
piers on alternate sides of the partition, at intervals of 
three or four feet in length, frill give sufficient strength; 
but even quartering partitions, if based upon brick walls, 
may be rendered nearly proof against fire by brick-nogging 
them, especially if care be taken to fill in with brickwork 
between the joists over the head of one partition and imder 
the sill of another, as well as between the timbers of the 
partitions. FiUing in between the joists, and up as high as 
the skirtings go, will do something, indeed, towards dimin- 
ishing the dangerous tendency of even lathed and plastered 
timber partitions ; whilst the adoption of the plan now 
oommonly practised in Paris, in rorming not only inter- 
nal partitions, but the rearward external inclosures of 
buildings, would secure to the structure the structural 
efficiency of timber on end in canying weight, and g^ve 
the solid and incombustU)le duuracter of a brick or stone 
wall to a partition or indosure which is structurally of 
timber. 

The plan referred to is, to frame and brace with timber 
quarterings much in the manner practised in England* ex- 
cept that the timber used in Paris is commonly CMik, and is 
generally seasoned previously. The framed structure being 
complete, strong oak batten-lnths, from two to three incbea 
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Constrae wide, are nailed up to the quarterings horizontally, at four, 
six, or even eight inches apart, according to the character 
of the work, throughout the whole height of the inclosure 
or partition ; and the spaces between the quarterings, and 
behind the latiis, are loosely built up with rough stone 
rubble, which the laths prevent from falling out until the 
next process has been efiected. This b, to apply a strong 
mortar, which in Paris is mainly composed of plaster of Paris, 
which is there of excellent quality, laid on from both sides at 
^e same time, and pressed through from the opposite sides 
so that the mortar meets and incorporates, embedding the 
stone rubble by 61tingup every interstice, and with so much 
body on. the surfaces as to cover up and embed also the 
timber and the laths — ^in such manner, indeed, as to render 
the concretion of stone and plaster, when thoroughly set, an 
independent body, and giving strength to, rather Uian receiv- 
ing support from, the timber. 

Our brick-nogged partition is, in point of structure, 
nothing but throi^ the aid of the timber ; the plastering 
is merely spread out upon the surfiioes of brick and woocu 
and is fragile in the extreme, and always liable to crack 
and drop off; whilst, on the other hand, according to the 
French practice, the mortar, meeting through the interstices 
of the rubble, becomes one consistent mass throughout the 
whole thickness of the partition. Our lathed and plastered 
partition is composed of the hollow framework of the tim- 
ber quarters, with two slight thicknesses of mortar, as plas- 
tering, hung upon slighter laths, over and between which 
the £ccid mortar forms a key for itself; but all necessarily 
depends upon the timber, and fails with it wherever decay 
or fire may destroy it. 

Only second in importance to the internal partition as a 
source of danger or as a means of safety, are the stairs ; 
and the stain are second in importance only when the par- 
titions are made to carry the floors of the several stories. 
In England, and in London particularly, even when the 
steps and intarmediate landings are of stone, it is but 
too common to find the passage from the street door 
to the foot of the stairs, and the floors which connect 
flig^it with fliflHht at the several landings, either wholly 
of wood or of slight stone paving laid upon wooden 
joists or bearers. Any stone paving upon wooden joists 
will certainly retard the action of fire upon the joists, espe- 
cially if assisted by a well-plastered ceiling ; but in this, 
again, if the floors be not formed of wholly incombustible 
materials, the French practice as to floors would be better 
than ours. 

In Paris stone stairs are fiu* less common in modem 
houses than they are in London in houses of correspond- 
ing character and date ; but wooden staircases in Paris are 
rendered almost as safe as common stone staircases are 
made with us, by a process similar in character to that ap- 
plied to partitions and inclosures. The result is an al- 
most incombustible structure. Wooden staircases formed 
between brick or stone walls, or between partitions of 
the kind above described, as commonly made in modem 
buildings in Paris, filled with a solid mass of concreted 
mbble, may perhaps be set on fire, but they can hardly 
bum. 

It has been remarked that a mere plastered ceiling will 
resist the action of fire for a long time, although the plaster- 
ing be upon wooden laths, and the laths nailed to joists of 
timber ; and as fire does not readily act downwanu, floor- 
ing boards may take fire fi^m above without any imme- 
diately serious consequence to the joists under Uiem, so 
long as there is no access of air fix>m below. But our in- 
door plastering upon latlis is commonly of the most fragile 
kind, and the slightest weight fidling upon the back of a 
ceiling wfll make a breach through it, whilst our floors axe 
commonly of deal laid upon fir joists, and are exposed to the 
action of fire firom below directly the lathed and plastered 



ceiling has failed ; if, indeed, the fire have not found its Construe- 
way to the joists under the floonng boards by the hollow tion. 
lathed and plastered quartering partitions. In the timber 
inclosures and partitions, which ciconoroy induces the Paris 
builder to introduce as substitutes for walls, the timber is 
so embedded in and made part of a solid concrete, as to be 
protected flnom almost every casualty of which it is sus- 
ceptible. 

But the French render their floors also so nearly fire- 
proof as to leave but little to desire in that respect, and in 
a manner attainable with single joists, as well, at the least, 
as with joists framed into girders. According to their prac- 
tice, tlie ceiling must be formed before the upper sur- 
face or floor is laid, as the ceiling is formed from above 
instead of from below. The carpenters' work being com- 
plete, strong batten-laths are nailed up to the under sides of 
the joists, as laths are with us ; but they are mudi thicker 
and wider than our laths, and are placed so far apart that 
not more, perhaps, than one-half of the space is occupied by 
the laths. The laths being affixed — and they must be 
soundly nailed, as they have a heavy weight to carry — a 
platform, made of rough boards, is strutted up from below 
parallel to the plane rormed by the laths, ana at about an 
inch below them. Mortar is then laid in fivm above over 
the platform, and between and over die laths, to a thickness 
of from two inches and a-half to three inches, and is forced 
in under the laths, and under the joists and girders. The 
mortar being gauged, as our plasterers 'term it, or rather, in 
great part composed of plaster of Paris, it soon sets suffi- 
ciently to allow the platform to be removed onwards to an- 
other compartment, until the whole ceiling is formed. The 
plaster ceiling thus produced is, in &ct, a strong slab or table, 
in the body of which the batten-laths whidi hold it up 
are incorporated, and in the back of which the joists, from 
which the mass is suspended, are embedded. The finish- 
ing coat of plastering is then laid on. Such a ceiling will 
resist any fire that can act upon it firom below, under ordi- 
nary circumstances ; and it would be difficult for fire to 
take such a hold flnom above as to destroy the joists to 
which a ceiling so composed is attached, the laths and the 
under nde of tlie joists being alike out of its reach ; and 
consequently such a ceiling luone would diminish the dan- 
ger firom fire, although &e floor above the joists were 
laid with deal boards. But a boarded floor in Paris is a 
luxury not to be found in the dwellings of the labouring 
classes, nor, indeed, are boarded floors to be found in any 
dwelling-houses but those of the more costly description. 
Whether the eventual surface is to be a boarded floor or 
not, however, the flooring joists are covered by a table of 
plaster above, as completely as they are covered by a 
plaster 'ceiling below. Rough battens, generally split and 
in short lengths, stout enough to bear the weight of a 
man without bending, are laid with ends abutting upon 
every joist, and as dose together as they will lie without 
having been shot or planed on their edgCB. Upon this 
rough loose floor mortar of nearly similar consistence to 
that used for ceilings is spread to a thickness of about three 
inches ; and as it is made to fill in the voids at the ends 
and sides of the floor-laths upon the joists, the laths become 
bedded upon the joists, whilst they are to som^extent also 
incorporated wiUi the plaster. The result is a firm floor, 
upon which, in ordinary buildings, paving-tiles are laid, 
bedded in a tenacious cement. 

It must be clear that the timbers of a floor so encased 
could hardly be made to bum even if fire were let in be 
tween the floor and ceiling. But it has been already 
stated that the practice of making these almost fire-proof 
floors is connected with the use of walb which have no 
timber laid in them bedwise, and that the timber inclosures 
employed instead of walls, and the internal partitions, are 
rendered practically fire-proof, whilst the wooden staircase 
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Confttrur- which cconomy dictates to the Parisian builders— the Iree- 
tion. stone which is used in building walls being altogether too 
8oii for the purpose — is also rendered, in the manner already 
shown, almost unassailable by fire.^ 

It may be added in explanation of the statement that 
in Paris the practice of forming a table of plaster over the 
joists when tiles are to be used as the flooring surface, is 
employed also when a boarded floor is to supervene— that 
as die surfaces of the true joists lie under tlie mortar, 
a base is formed for the boards of what English carpen* 
ters would call stout fillets of wood, about 2^ inches 
square, ranged as joists, and strutted apart to keep them 
in their places, over the mortar table, to which Uiey are 
sometimes scribed down, and that to these fillets, or false 
joists, the flooring boards are secured by naib ; so that in 
truth the board^ floor is not at all connected with the 
structure of the floor, but is formed upon its upper coat of 
plaster. The wooden floor thus becomes a mere fittins in 
an apartment, and not extending beyond the room the floor 
might bum without commimicating fire to the stairs, even 
if the stairs were readily ignitible.' 

The necessity which arises with us of dividing the upper 
stories of houses into more rooms, as bed-rooms, than are 
commonly required in the lower stories, will be made an 
objection to any process that would render the partitions 
heavier ; but it is not in the upper stories that the lathed 
and plastered partition is most oangerous in reH>ect of fire. 
Generally the stairs may be inclosed by solid partitions 
throughout almost the whole height of an ordinary dwelling- 
houses without occasioning any inconvenience as regards the 
greater weight of such a partition ; and generally, too, the 
partition which divides the front from the back rooms of such 
nouses may be carried up throughout the whole height of a 
house without removing the bearing, if the house be judi- 
ciously disposed. But even if a partition rest upon a beam 
or girder, a very slight addition to the scantling of the tim- 
ber will make up for the additional weight which the filling in 
of the partition would involve, if the materials of the core be 
well chosen ; and it is well known that a piece of timber 
placed over a void as a brest-summer, and carrying a wall, 
resists Uie action of fire for a long time, and the longer if 
it be of oak or other hard wood. It is not necessary, how- 
ever, that the timber employed in partitions and inclosures 
shodd be of oak ; thougn it is desirable that main bearing 
timbers, in situations which render them most liable to be 
exposed to the action of fire, in the event of casualty, 
should be of such-like timber rather than of fir : but the 
quarterings, or partition timbers, which the plaster con- 
crete wholly encases, may be of fir as safely almost as of 
oak. 

The core used in Paris consists for the most part of chips 
and spalls arising in the process of dressing the soft free- 
stone which is the main constituent of the walls of most 
buildings in that city. Almost any hard material, however, 
will funiish rubble fit for the purpose, which must be angular 
and irregular in form, so as to allow Uie mortar to pass See\y 
through the rubble, and embed it all. Rubble of brick ma- 
terial, as broken burrs, or even of old bricks freshly broken, 
will answer very well ; but if brickbats or shreds of plain 
tiles be ustd, care must be taken in packing not to bring 
flat beds together, or the mortar will not pass through and 



make a perfect concrete. Ruoo.e ot aimost any land may Constrac 
be used ; but the kinds of stone which are themselves con- tion. 
cretions, and present rough surfaces upon the fracture, afford ^*^ 
the best, while schistose, or scaling slaty stones, are the worst 
for the purpose. But there is no better substance for coring 
partitions upon the plan described than clay burnt into a 
iund of brick rubble,— an excellent ingredient, indeed, in 
concrete for anf purpose. 

The same process applied to external inclosures will jus- 
tify the use of timber in their structure in situations and 
under circumstances in which it may be properly prohibited 
when the timber is merely lathed and plastered, or €ven 
brick-nogged, for brick-nogging adds nothing, as already re- 
marked, to the strength of a partition or an inclosure, but 
rather takes from it, being itself a source of infirmity. But 
chimneys and their flues ought not under any circumstances 
to be formed in an inclosure in which timber is employed 
as a part of the structure. Chimneys — with their con- 
geners, stoves and furnaces — should be confined to walls 
of brick or stone ; and as these almost always occur most 
conveniently in party-ivalb when buildings stand together, 
or in walls which, though not technically party-waUs, are 
so near to other buildings, as to reouire to be similarly 
dealt with, inclosures of the kind inaicated need not be 
desired, because it would not be prudent to form flues in 
them. 

Under some circumstances, again, — that is to say, when 
any street of a town is so wide and die buildings to be built 
fronting to it are to be of such small elevation, as to make 
the communication of fire from one side to the opposite 
side so nearly imposdble as, for all the purposes of se- 
curity, to be so, if the buildings adjoining laterally are 
e^tually separated fi^m one another by sufficient walls, 
party or otherwise, and these project before the outside 
faces of the front and back inclosures so as effectually to 
prevent fire from passing round them, — the temperature 
of dwelling-houses may oe much more easily maintained 
and regulaied if the outside surface be boarded. Weather- 
boarding is a safe and economical, as well as a neat, whole- 
some, and equable outside casing fbr the fronts of a dwelling- 
house, if the boarding be backed up solidly, and the timber 
quarterings necessary to secure it be properly filled in be- 
tween and behind with brick or stone work, or with rubble 
and concrete in the manner already described. Brickwork 
builds up badly with the raking braces of timber-framed 
inclosures, and the concrete described would not be so 
perfect with weather-boarding on one side as if the mortar 
were thrown in from both sioes ; but raking braces are less 
essential to inclosures which are filled in and backed with 
a heavy body of brickwork or concrete, than when mere 
lathing or even brick-nomng is to be employed on the 
inside. A nine-inch brick wdl may, indeed, be very well 
built up with framed quarterings without raking braces, if 
the work be built between and around the quarterings, 
carlrying, that is to say, the inner half-brick before the inside 
faces of the quartering, and so as to show on the inside a 
plain brick wall. 

The fbregdng remarks have been written with reference 
to the articles Abcbitectdbe, BuiLDma, Cabpexttrt, 
Masoioit, &C., to which, accordingly, the attention of tlie 
reader is directed. (w. B— h^.) 



^ It may be remarked here, with reference to the employment of any sabstance each as cinder, being of the nature of possolaao, or 
volcanic scoria, In mortar, to form a floor in the manner above described (about three inches thick), that as all such mortars expand in 
setting, the wsils of buildings may be forced out by the expansion of the plaster floors, if the whole suHkee of the floor in any story be 
at once covered with the mortar. A margin of four or five inches on every side should be left void until the expansion has taken place, 
when the floor may be completed with an assurance of dose joints, and without injury to reasonably stable walls. 

s The most recent practice in Paris, in respect of floors, is to form the structure of slight wrought-iron bars rolled to the form known 
with us as T A^d L iron, and to fill in with the same strong plaster between, below, and above the iron, and so to fbrm a slab of plaster 
from 6 to 8 inches thick, according to the bearing and the depth of the iron bars — the bars being enveloped in the plaster as the boitcas 
iaths are when ih» Mtructure is of timber. 
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Baildlng. The ait of building comprises the practice of civil ar- 
chitecture, or the mechaoiod operations necessary to carry 
the designs of the architect into effect. It is not unfre- 
quently called practical architecture ; but the adoption of 
this term would have tended only to confuse, by rendering: 
it difficult to make the distinction generally understood 
between architecture as a fine or. liberal art, and architec- 
ture as a mechanical art. The execution of works of ar- 
chitecture necessarily includes building; but building is 
frequently employed when the result is not architectural : a 
man may be a competent builder without being an archi- 
tect ; but no one can be an accomplished architect unless 
he be competent to specify and direct all the operations of 
building. A scientific knowledge of the principles of ma- 
sonry, carpentry. Joinery, &&, and of the qualities, strength, 
and resistance of^ materials, though of the utmost impor- 
tance to an architect, must be attended by a minute acquaint- 
ance with a great variety of less ambitious details. Such 
are those which relate to the arrangement of a plan for the 
greatest possible degree of convenience on tne smallest 
space, and at the least expense; its transference to the 
ground ; the preparation and formation of foundations ; the 
arrangement and construction of drains, sewers, and vent- 
shafb ; the varieties of walling with stone, and of laying 
bricks in brick-work ; the merit of the various modes of 
bonding and tying walls, both lengthwise and across ; the 
arrangement of gutters on roofs, to get sufficient fall, and 
to conduct the water to the least inconvenient places for 
fixing trunks to lead it down ; the arrangement and forma- 
tion of flues ; the protection of walls from damp, of timber 
from moisture and stagnant air, and of metals generally 
from exciting causes ; the cost of materials and labour, and 
the quantity of each required to produce certain results. 
Together with these, an architect ought to be practically 
acquainted with all the modes of operation iir all the trades 
or arts employed in building. Everything must be clearly 
understood, or it will be impossible properly to specify 
befiirehand, in detail, everything and every operation to 
be done and performed ; and minutely to estimate, before- 
hand also, the absolute cost involved in the execution of a 
proposed structure. The power to do the latter neces- 
•aruy involves that of measuring work, and asdertaining 
quantities af^er it is done. These things may certainly be 



referred to the surveyor or measurer, but they are not the Building, 
less incumbent on the architect, who cannot be said to be 
thoroughly master of building, or the practice of his pro- 
fession, unless he be skilled in these operations. 

The architect having furnished tne specification and 
working drawings of his design, the first step in the pro- 
cess is to prepare the foundation. (See article Stone- Ma- 
SOHRT, sect. 60.) Much in this particular, it is evident, 
must depend, on localities. It is not of so much importance 
that the ground be hard, or even rocky, as that it be com- 
pact, and of similar consistence throughout ; that it be so 
constituted as to resist entirely and throughout, or yield 
equally to the superincumbent wieight. 

But in the ordinary processes of building, the artificial 
preparation of foundations hardly need be considered. 
Comtnon prudence would refer it to professional manage- 
ment, when such is found necessary ; and a work of this 
kind cannot contain sufficient information and instruction to 
qualify a man to act professionally on any subject, and more 
particularly on those subjects which demand initiatory prac- 
tice and experience. We therefore proceed to the ordinary 
routine of practice. 

The artificers whose trades come within the immediate 
range of the builder's business are the following : Digger 
or excavator, bricklayer, mason, slater, sawyer, carpenter, 
joiner, plasterer, modeller, carver and gilder, plumber, 
smith, glazier, painter and decorator. 

Digger or Excavator, — The digger works with a pick- 
axe and a spade or shovel. With the pick-axe he breaks 
down the soil if it be hard or very stiff, and throws it out 
with the shovel; but compacted sand and alluvial soil is 
spitted and thrown out with the spade alone, without pre* 
vious breaking down. When rock occurs in a foundation, 
the assistance of the quarryman is requisite to cut through 
or blast it, as the occasion may require. The digger should 
be required to produce a perfect level in every direction, 
and especially in trenches for walls ; nor may this be done 
by placing again loose matter, but the level must be pro* 
duced on the solid or undisturbed bed. 

Digger's work is valued by the cubic yard, and is gene- 
rally made to include, besides excavating, the removal of 
the soil and rubbish. The price per yard is therefore ne- 
cessarily contingent on the stiffness of the soil, the depth 
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Building, to which the excavations may reach below the surface, and 
the distance the stuff is to be removed ; so that it is im- 
possible to determine what the cost may be, without refer- 
ence to each and all of these particulars, most of which 
roust be different in every different place ; and all are again 
affected by the local cost of labour or wages. A good ex- 
cavator will dig and throw out, of common soil, into a bas- 
ket or wheelbarrow, eight or ten yards per diem ; but of 
stiff* clay or firm gravel, not more than six yards. 

Bricklayers, — The manufacture of brick being made the 
subject of a separate article, we need only refer to that for 
information on the subject; and in the same manner the com- 
(x>nents and merits of mortars and cements will be found in 
sections 20 ei seq, of the article under the head Stonb- 
Masonrt. a few observations on the composition of mor- 
tar for bricklaying will nevertheless be necessary here. 

Particular attention must be paid to cleansing the sand 
to be used for mortar of every particle of clay or mud that 
may adhere to or be mixed up with it. Sea sand is ob- 
jectionable for two reasons; it cannot be perfectly fireed 
from a saline taint, and the particles are moreover generally 
rounded by attrition, caused by the action of the sea, which 
makes it less efficient for mortar than if they retained their 
natural angular forms. Lime should not be slaked until the 
moment it is to be mixed up with tlie sand in mortar, but 
the sooner that is done after it is burnt the better. The 
proportion of lime to sand is generally taken at as much as 
one- fourth of the whole mass; but if both the materials be 
of good quality, that is, if the lime slake freely, and become 
a fine pungent impalpable powder, perfectly clear from ar- 
gillaceous or any other foreign matter, and the sand clean 
and sharp, and of variously sized particles, one-fifUi of lime 
to sand is quite enough : more is injurious. The ingredients 
should be well mixed together, and with water, and as little 
water used as will suffice to make the compound consistent 
and paste-like. Rain, or any other soft water, should be 
used for the purpose of making mortar, and not spring or 
hard water, though any other may be preferred to what is 
brackish even in the slightest degree. A quick-setting ce- 
ment, such as that which is most commonly used in build- 
ing in this country, and known as Parker's or Roman cement, 
can only be mixed or gauged as it is required for use« A 
bricklayer will keep a labourer fully employed in gauging 
cement for him alone. It is mixed with sand in the same 
manner that lime is in common mortar, in the proportion of 
about two or three of sand to one of cement, according to 
the quality of the latter ; and the labourer, as he gauges on 
one board, supplies the mixture to the bricklayer fit for 
use on another boanl, a spadeful at a time ; it must then 
be applied within half a minute, or it sets and is spoiled. 

The average size of bricks in this country is a fraction 
under nine inches long, four and a half wide, and two and 
a half inches thick ; and in consequence of this uniformity 
of size, a wall of this material is described as of so many 
bricks in thickness, or of the number of inches which result 
from multiplying nine inches by any number of bricks ; a 
nine-inch or one-brick wall ; a fourteen-inch wall, or one 
brick and a half (13^ inches would be more correct, in fact, 
for although a joint of mortar must occur in this thickness, 
yet the fraction under the given size of the brick is enough 
to form it) ; eighteen-inch, or two bricks, and so on. 

The great art in bricklaying is to preserve and maintain 
a bond, to have every course perfectly horizontal, both lon- 
gitudinally and transversely, and perfectly plumb; which 
last, however, may not mean upright, though that is the 
general acceptation of the term, for the plumb-rule may be 
made to suit any required inclination, as inward against a 
bank, for instance, or in a tapering tower ; and also to make 
the vertical joints recur perpendicularly over each other : 
this is vulgarly and technically called keeping the perpends. 



By bond in brick-work is intended that arrangement which Bailding. 
shall make the bricks of every course cover the joints of 
those in the course below it, and so tend to make the whole 
mass or combination of bricks act as much together, or de- 
pendently one upon another, as possible. The object of this 
will be understood by reference to the diagram, fig. 1. Plate 
Here it is evident, from the arrangement of the bricks, that XL II I. 
any weight placed on a would (supposing, as we are obliged 
to suppose, that every brick feels equally, throughout its 
whole length, a stress laid on any part of it) be carried down 
and borne alike in every course from 6 to e ; in the same 
manner the brick d is upborne by every brick in the line 
ef^ and so throughout the structure. But this forms a longi- 
tudinal bond only, which cannot extend its influence beyond 
the width of the brick ; and a wall of one brick and a half, 
or two bricks thick, built in this manner, would, in effect, 
consist of three or four half-brick-thick walls, acting inde- 
pendently of each other, as shown in the plan at t, in the 
diagram, under fig. 1. If the bricks were turned so as to 
show their short sides or ends in front, instead of their long 
ones, certainly a compact wall of a whole brick in thickness 
would be produced ; but the longitudinal bond would be 
shortened one-half, as sXg c h^ and a wall of any greater 
thickness, in the same manner, must be composed of so 
many independent one-brick walls, as at A in the plan before 
referred to. To obviate this, to produce a transverse, and 
yet preserve a true longitudinal bond, the bricks are laid 
in alternate courses of headers and stretchers, or of ends and 
sides, as shown in fig, 2, thus combining the advantages of 
the two modes of arrangement, ab e and g e h fig. 1, in a 
b e fi^. 2. Each brick in fig. 2 showing its long side in front, 
or being a stretcher, will have another lying parallel to it, 
and on the same level, on the other side, to receive the 
other ends of .the bricks showing as headers in front, which 
in their turn bind, by covering; the joint between them, as 
shown in the end of such a wafl at d. Thus a well-bonded 
nine-inch or one-brick wall is produced. The end eleva- 
tions of the same wall at <r and/ show how the process of 
bonding is pursued in walls of one and a half and two bricks 
thick, the stretcher being abutted in the same course by a 
header ; thus, in a fourteen-inch wall, inverting the appear- 
ance on the opposite sides, as seen at e, and producing the 
same appearance in an eighteen-inch wall, as at / in the 
diagram under fig. 2, at g^ is the plan of a fourteen-inch wall, 
showing the headers on one side, and the stretchers on the 
other, and at h is the plan of the course immediately above 
it, in which the headers and stretchers are inverted ; at k 
and t are shown in the same manner, the plans of two 
courses of an eighteen-inch wall. This is called English 
bond. Thicker walls are constructed in the same manner 
by the extension of the same principal. 

Rut a brick being exactly half its length in breadth, it ii impo8> 
Bible, commencing from a vertical end or qooin, to make a bond 
with whole bricks, as the joints most of necessity fall one over the 
other. This difficulty is obviated by catting a brick longitudinally 
into two equal parts, which are called half headers. One of these 
is placed next to a whole header, inward from the angle, and forms 
with it a three quarter-length between the stretchers above, and tw 
low, thus making a regular overlap, which may then be preserved 
throughout : half headers so applied are technically termed closers. 
(See the joints in the heading courses next the npright angle of the 
wall fig. 2, and the first joints inwards from the square ends by 
the headers in the plans at g and A.) A three-quarter stretclier is 
obviously as available for this purpose as a half header, bat the 
latter is preferred, because, by the use of it, aniformlty of appear- 
ance is preserved, and whole bricks are retained on the returns. In 
walls of almost all thicknesses above nine inches, to preserve the 
transverse, and yet not destroy the longitudinal bond, it is fre- 
quently necessary to use half bricks; but it becomes a question 
whether more is not lost in the genend firmness and consistence of 
the wall by that necessity, than is gained in the uniformity of the 
bond. It may certainly be taken as a general rule, that a brick 
should never be cut if it can be worked in whole, for a new joint 
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Building. U thereby created in a constructioD, the difficnlty of which consiste 
in obviating the debility arising from the constant recnrrence of 
ioints. Great attention should be paid to this, especially in the 
quoins of buildings^ in which half bricks most readily occur ; and 
there it Is not only of consequence to have the greatest degree of 
consistence, but the quarter bricks used as closers are already ad- 
mitted, and the weakness consequent on their admission would 
only be increased by the use of other bats, or fragments of bricks. 

Another mode of bonding brick-work, which may be supposed to 
have arisen from the appearance of the ends of a wall according to 
the former mode of arrangement (see e and /, tg. 2), instead of 
placing the bricks in alternate courses of headers and stretchers, 
places headers and stretchers alternately in the same course, fig. 8. 
The plans below this at c and d are of two courses of a fourteen- 
inch wall, with their bond, showing in what manner the joints are 
broken in the wall horlsontally as well as vertically on its face. 
This is called Flemish bond, (losers are necenary to both varie* 
ties of bond, in the same manner, and for the same purpose ; half 
bricks also will occur in both, but what has been said with reference 
to the use of them in the former applies even with more force to 
the latter, for they are more frequent in Flemish than in English, 
and its transverse tie is thereby rendered less strong. TheSr oo* 
currenoe is a disadvantage which every care should be taken to 
obviate. The arrangement of the joints, however, in Flemish bond, 
presenting a neater appearance than that of English bond, it is 
generally preferred for external walls when their outer faces are 
not to be covered with stucco, or plaster composition of any kind ; 
but English bond should have the preference when the greatest de- 
gree of strength and compactness is considered of the highest im- 
portance, because it affords, as we have already noticed, a better 
transverse tie than the other. It is a curious fact, tiiat what is in 
England called Flemish bond in brick-work is unknown in Flan- 
ders, and, so far as the observation of the present writer has ex- 
tended, is practised in the British Isles alone. In Flanders, Hol- 
land, and Rhenish Germany, which are all brick-laying countries, no 
kind of bond is found but what is known in England as English bond. 

It has been attempted to improve the bond in thick widls by lay- 
ing raking courses in the core between external stretching courses, 
and reversing the rake when the course recurs. This obviates what- 
ever necessity may exist of using half bricks in the heading courses, 
but it leaves triangular interstices to be filled up with bats, as the 
diagram tg, 4 shows. This represents the plan of a thirty-six inch 
or throe-brick wall with raking courses at a, between external 
ranges of stretchers, and lying on a complete course of headers, and 
at 6 a wall of the same thicknoM herring-boned ; courses of headers 
would bed and cover this also, and, in tiie second course above, the 
raking or herring-boning would be repeated, but the direction of 
the bricks inverted. It will be seen that the latter demands, in 
addition to the triangular filling- in bats at the outer ends of the 
diagonally placed bricks, half bricks to fill up the central line of 
interstices, rendering herring^boning more objectionable in that 
particular, though it has some advantages over simply raking, or 
thorough diagonal courses, in some other points. Neither mode 
should, however, be recurred to for walls of a less thickness than 
three bricks, and that indeed is almost too thin to admit of any 
great advantage fhmi it. 

Skilful and ingenious workmen are well aware of the necessity 
of attending to the bond, and are ready both to suggest and to re* 
ceive and practise an improvement ; but generally the workmen 
themselves are both ignorant of its importance and careless in pre- 
serving it, even according to the common modes. Their work should 
therefore be strictiy supervised as they proceed with it; for many 
of the failures which are constantiy occurring may be referred to 
their igxuiranoe or carelessness in this particular. 

Not second in importance to bonding in brick-work is, that it 
be perfectiy plumb, or vertical, and that every course be perfectiy 
horisontal, or level, both longitudinally and transversely. The 
lowest course In the footings of a brick wall should be laid with the 
strictest attention to this latter particular; for the bricks being of 
equal thickness throughout, the slightest irregularity or incorrect- 
ness in that will be carried into the superimposing courses, and can 
only be rectified by using a greater or less quantity of mortar in 
one part or another, so that the wall will of course yield unequally 
to the supenncumbent weight, as the work goes on, and perpetuate 
the infirmity. To save the trouble of keeping the plumb-rule and 
level oonetantiy in his hands, and yet to insure correct work, the 
bricklayer, on clearing the footings of a wall, builds up six or eight 
coursss at the external angles (see fig. 5), which he carefully plumbs 
and levels across, and from one to the other. These form a gauge 
for the intervening parte of the courses, a line being tightiy strained 
from one end to the other, retting on tiie upper and outer angles of 
the gauge bricks of the next course to be laid, as at a and 6, fig. 5, 
and with this he makes his work range. If, however, the length 
be great, the line will of course sag ; and it must therefore be care 



fully set and propped at sufficient intervals. Having carried up Building, 
three or four courses to a level, with the guidance of the line, the 
work should be proved with the level and plumb-rule, and parti- 
cularly with the latter at the quoins and reveals, as well as on the 
ikce : a smart tep with the end of the handle of the trowel will 
generally suffice to make a brick yield what littie it may be out, 
while the work is so green, and not injura it. Good workmen, how- 
ever, take a pride in showing how oorrectiy their work will plumb 
without tepping. To work which is circular on the plan, both the 
level and the plumb-rule must be used, together with a gauge-mould 
or a ranging trammel, to every course, as it must be evident that 
the line cannot be applied to such in the manner just described. 
To every wall of more than one brick thick, two men should be 
employed at the same time, one outside and the other in : one man 
cannot do justice from one side, even to a fourteen-inch wall. In 
ferior workman and apprentices are generally employed as inside 
men, though the work thero is of quite as great importance as ex- 
teriorly, except for neatness, and for that only if the brickwork is 
to show on the outside. 

In the operation of bricklaying, the workman holds the trowel 
in his right hand, and with the left he takes up the bricks fhmi the 
scaffold, and lays them in their places. Spooning or shovelling up 
morter from the board with the trowel, he throws it on the course 
last laid, and with the point strews it over the snrflsce to form a 
bed for that which he is about to set ; whatever bulges or projeeto 
over the outer edge of the work below is struck off, and being caught 
on the flat face of the trowel, is put against the side or end of th» 
last brick laid in the new course. Then teking up a brick, he presses 
it down in ito place until ito upper and outer angle comes exactiy 
to the line ; and if this be not readily effected by the hand, a slight 
drawing blow with the obtuse point of the edge of the trowel ctoes 
it, or a top with the end of the haiidle both draws it and setties it 
down farther than the hand can press it. The small quantity of 
mortar that is pressed out in fron^ by this operation, being struck 
off, the joints aro neatiy drawn by compressing the mortar with the 
point of the trowel, and thus producing a &e smooth surface, — 
that is, if the work is to be seen ; for if it is to be plasterad, the 
rough fi^e is left that the plastering may the mora readily attach 
itself, and the joint is not drawn at all, but the workman proceeds 
in the same manner with the next brick in advance along the course, 
or to fill in behind the one he has laid in front to meet the work of 
his mate on the other side of the same wall. This is the comknon 
mode of laying bricks. They should not however be merely laid f 
every brick should be rubbed and pressed down in such a manner 
as to force the slimy matter of the mortar into the pores of the 
bricks, and so produce absdluto adhesion. Moreover, to make brick- 
work as good and perfect as it may be, every brick should be made 
damp, or even wet, before it is laid, otherwise it immediately ab- 
sorbs the moisture of the mortar, and, its surfitee being covered with 
dry dust, and ito pores full of air, no adhesion can take place ; but 
if the brick be damp, and the mortar moist, the dust is enveloped 
in the cementitious matter of the mortar, which also enten the 
pores of the brick, so that when the water evaporates, their attach- 
ment is complete, the retention and access of air being thus alto- 
gether precluded. To wet the bricks befora they wera carried on 
to the scaffold would, by making them heavier, add materially to 
the labour of carrying : in dry weather they would, moreover, be- 
come dry again before they could be used ; and for the bricklayer 
to wet every brick himself would be an unnecessary wastaof his 
time : boys might therafora be advantageously employed to dip the 
bricks on the scaffold, and supply them in a damp state to the brick- 
layer's hand. A watering pot with a fine rose to it should also be 
used to moisten the upper surface of the last laid course of bricks, 
praparatory to strewing the mortar over it. Xi| bricklaying with 
quick-setting cemento these things aro of even more importance ; 
indeed, unless the bricks an quite wet to be set with cement, it will 
not attach itself to them at all. 

As mortar is a mora yielding material, used in brick-work meroly 
for the purpose of making the detached portions of the stople ad- 
here, by filling up their intentices and producing exhaustion, and 
the object being to produce as unyielding and consistent a mass as 
possible, as much of it should be used as is sufficient to produce the 
desired result, and no more. No two bricks should be allowed to 
touch, because of their inaptitude to adhero to each other ; and no 
space between them should be left unooeupied by mortar which may 
produce adhesion. When the bricks aro a fraction un^r two-and- 
a-half inches thick, no four courses of bricks and mortar, or brick- 
work, should exceed eleven inches in height; and if they an AiUy 
that thickness, four courses should not reach eleven and a hafr 
inches. The result of thick beds of mortar between the bricks is, that 
the mortar is pressed out after tiie joint is drawn, on the outside, in 
front ; and being made convex instMd of slighUy concave, the jointo 
cateh every drop of rain that may trickle down the fkce of the wall, 
and aro thus saturated ; the molsturo freeies, and in thawing burate 
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DulldlnK tbi BMlar, whloh eramMci ftwky, and i!reit«i the DeetHitf wbicb 
^ m- -jr^ li conituitly raenrrlng, of pointing tbs joipti to praKrratlie wklt. 
■• Tbs di4gr*iii ibowi the HcUon of > nine-inch w»II, 

i witb tb* jointi on tbe lide a u drawn, >nd on tbs 
^d> ft u bnlgcd, tn anueqaenM of lb« quuitltj of 
mortarintbomjlslding to the weight above. Thii, 
tm, ii In BddiUon lo the iaeonvBaieat *ettllng, 
wblcb it tba mnioquencs of nalng too miub mortar 



In practice, briebUyen laj the mortar on tbe 
GOune lait finlahed, uid ipresd it over tbe lurface 
witb the trowel, wltboot conridering, or caring for 
t^ thattbay bare put no mortar between tbe bricka of Uut coarw, 
except in the eilcraal edget of tbe out«ida joiota ; that tbe mortar 
ll Dot, or ODgbt not lo be, K thin ai to fsll into the joiat* b; lt« 
own weight; and tbat anleM tbej preai it down, balf the height 
of tba ipaoa between tbe bricka remalni In every ea«e onoccnpied, 
and tbe wall la conaaqoently bollow, incompact, and oecenarily im- 
perfect. To obviate tbii, it i> common to have thick walli gronted 
in every cootm ; tbat li, mortar made liquid, and called grout, 1* 
poured on and ipread over the nrfkce of the work, tbat it may 
ran in and fill ap the joint* completely. Tbi>, at the beet, la but 
doing with grout what ibonld be done with mortar ; and tbe differ^ 
ance between tbe two ooniiiting merely In tba difference to tbe 
quantity of water they eontaln, mortar muit be coa^dered the beat ; 
for tbe tendency of gront ia, by bydroetatic preaenre, to bunt the 
wall In which it la employed ; and, moreover, it mnat, by taking a 
much longer time to cb'y and ibrink than tbe mortar of tbe bade and 
Mteroal jolnta, make and keep the whole mau onitable, and tend 
tolqjararatberthanbenefltlt. Filling or floablng ap every conra* 
' witb BMrtar 1« tberefore fer preferable, and may be done with very 
Uttle additional •lertion on Uie part of the workman. 

It b a TCIY common thing for two aorta of mortar to be need In 
the nme wall, a floer and whiter for the outdde, and a ccaner for 
tbe Iniida work ; the former made of cleaner and finer land, and a 
greater qnantity of II me, than tbe latter, with the intention ofeipoa- 
Inga batteMooking and more dorable material to tbe view and the 
weather. Tbe eaad, we have already ihown. ought to be aa clean ai 
Itcanbamade for mortar to beuaed in bricklaying; tberefore there 
ebonld be no poaalbllity of making a difference Ln that particular; and 
tbe addltloit of a grealar quantity of lime than Is Deoeeeary to make 
good mortar makei It le«i durable, and occaeiona a aacrlfice In an im- 
portant qnallty fbr the lake of an animportaat advantage. Uoreover 
tba mortar which eontalni tb^greater quantity of lime will yield or 
•ettle more than that wblcb baa the greater proportioa of land. 

All the walla of a boildlng that are to soalaln the tame floon and 
tba nma roof ihonld bo carried on limultaneoiuly ; ondar no cir- 
emtutance* ihoold more be dona !□ one part than can be reached 
from tba lame icaflbld, antil all the walla are brought up lo the 
aame height, and the andi of Um part fliat bnllt ihould be racked 
back, at at a b, fig. 2. and not ou-ried up vertically with maraly the 
toothing neeauary for the bond, ai at a A, fig. 3. 

Brick-work ibonld never be carried on In tluttj weather, nor 
ven when It <i likely that froat will occur befbre the walle can be 
overed In or become ao dir ai not to be affeoted by froat. Cover- 
ing an nnflnlabed wall with a tUck layer of ttraw, when fhiet may 
luparveoa.Uaveryuiafal precaution; on the atraw, weather board- 
ing ibonld be laid, to prevent acoesa of moiitun ft^n rain or anow. 
Herely wet weather may be guarded agidnat by following tbe direc- 
tioni given above ai to fluihing every conne of the work well up 
with mortar, w tbat no iatwaticei be left Into which water may in- 
ilnuala itielf, and by covering tbe walla with boarda to act ai a 
coping when the men are not actually at work on them ; the jolnta 
Id the face of a wall that li not to be plaitered in any way dionU 
be protected In thli manner with great care. 

In ordinary practice the bricfclayer'i acaflTolda are carried np 
with tbe walla, and are made to reat On them. Having built Up 
the walli ai high at be can reach fktmi the ground, he plant* a row 
of polea, which vary In height from thirty to forty and even fifty 
feet, parallel to and at a dUtance of about fbnr feet ili Incbai tnnu 
the walli, and from ten to twelve feet apart. To theee, which are 
called ateindarda, are attached by meana of cordi other polee called 
ledgen, horiionlally and on the Intlde, with their upper surface on 
a level with the higheat eonrn of the wall yet laid ; and on the led- 
ger* and wall abort tranaverae pole* called putlogi or putlocka are 
laidatjolita to carry the floorofecaffidd boards. Tbeae putlockeare 
placed tnaa four lo ilx feet apart, according to the length and 
atrcDgth of Iha icaffold boarda; and the eoda which reet on the 
walli are carefully laid on the middle of a atretcher, «a ai to occupy 
the place of a header brick, which la Inserted when tbe scaffold* are 
■truck after the work i* flniihed. On the fioor of the tcalfidd thus 
fbnned tbe bricklayer itanda, and the materials are brought to him 
by labouter*. In hods, Ttota the gTonsd below, or tbey are hoiited 
up In buketaandbockataby mean* of a policy wheel and lUl. Tbe 



mortar 1* placed ODiedged boarda of about three feet aqnare, placed Buildlni 
atconvenlentdiilanoea alongtheacaflfold; and the bricka are etrewn > ^ -» 
oo the tcaffold between tbe mortar board*, leaving a clear way ag^nat , 
the walllbr the bricklayera to move along onobatructedly. The work- 
man then recommence* tbe (^ration or bricklaying, beginning at 
the extreme left of hi* course, and advancing to tbe right until be 
reachea the angle or quoin In that direction, or the plaea where hi* 
fellow-workman on (he same *ide may have begun. Tbua be goes 
on with oonne after courss until tba wall la *■ high as he can con- 
veniently reach ftom tbat seafibld, when another ledger is tied to 
the polee, another row of putlock* laid, and the boarda are removed 
up to the new level. The ledger and moat of the poUocke, how- 
ever, temain to give steadiness to tbe temporary structure, and so 
on to the fbll height of the «r»Il, piecing out the polea by additional 
lengths a* may be required. If a scafibld be very much exposed, 
and run to a great height, it mpat be braced. This la done by tying 
poles dlagou^y across on the ontalds to the standard* and ledger*, 
and it nuy be nirther aaeured by tying the end* of some of the pat- 
locka to the ledgen; bntanouuide*caffold ebonldnever be attached 
In any vray to Uie building about which It itanda. A acaffold ahould 
never be loaded heavily, a* well on account of the work aa of the 
■caBbld Itsalf ; for the patloeka resting, aa they do, on lingle bricka, 
in a green wall, they exert an Iqjnrlou* Influence on it, which every 
additional pound weight on tbe scaffold mnit oeceasartly increaae. 
A constant and steady aupply of brick* and mortar on the part of 
the labourer*, without overloading the scaffold at any one time, 
ahoold be ttrictly required. 

Arches in brick-work are plain, rough, cat, or ganged PUn 
archie are boUt of nnent bricka, and the brick* being parallelopi 
padnn*, anarch bnllt of them must be made ont with mortar , that 
1*, tbe dlfferenea between tiie outer and inner panphery of the ardi 
requiring tbe parts of wbicb -iCT^^^v 
jSv^j. an arch ia made np to be /^|fsj _*^ 
!M>^Sk wedge-fbrroed.aa ata, which £~~S^ ^ — ^ 
the brick la not. tbe differ g^ 6 \^ 
— gncs must be made In mor- 

tar, aa at ft, so that theiuuer or loweranglesof brick* used for this par- 
pose should all but touch, and ihs mortar ahould be mors conaiatent 
than that used In ordinary wailing ; nor ahoold the centre on which 
an arch of thia kind ia set or built be atruck or removed antil the 
Work la thoroughly hard, or rather all auch archee ahould be set In 
cement which will harden Immediately. In conieqnance of this in* 
herent defect Id uncut-brick arches, in eitenilve continoout works, 
such as lewers, tunnel*, vaults, &c., it ia advisable to make them In 
thin independent riaga of half-brick or one brick thick, aa tbe case 
may be; tbst la, anlne-incharch shonldbeln two hslf-brlck arches, 
a* at a, fig. 6, and an elghteeo-lnch arch In two one-bricka, as at ft, 
each arch in the latter case being bonded in itself aa in a oominon 
nine-Inch wall with headers aud atretchere. It Is evident that, by 
thli mode of structure, a greater quantity of the solid material comes 
into tbe back or outer ring or arch than Into the lower one; and if 
they had been bonded together into one arch, a* at e, all that dif- 
ference must have been made up with mortar. Uoreover, whatever 
pressure come* on the outer ling is carried by It directiy to the 
inner or lower, from whosejoints, however, the mortar cannot escape 
or be pressed out, the Inner angles of the bricka, by meeting, pre- 
venting it below, and the brick* themselves of the npperarcb, wbicb 
convey* tbe pressure, are themselves opposed to the teck of the same 
joints, *o that It* power of resistance 1* made equal to that of the 
brick* themselves, except at the ends ; which, in auch works aa we 
have supposed, are remote, and may be prolsctad by the nrn of ce- 
ment in their j<^ts, whilst mortar Is used in the rest. 

Bough arches are thoia in wblcb the brick* are roughly cut with 
an axe to a wedge fbrm, and are uaed over opening*, nudi a* door* 
and window*, when the work la lo b« plastered on the outside, or 
in plain back fronts, outhouses, garden-wall*, dtc, when, however, 
they are neatiy pointed with what is called a tuck or tacked joint. 
Bemiclrcular and ellipticalarcheeare generally made plain, or with- 
out cutting the brick*; but archee oompoaed of a amaller segment 
of a circle (vulgarly and technically called kAmm arche*). If not 
gauged, are cut or axed. Very flat arches are technically distin- 
guished tntm tbe quicker segment, or scheme, by the term camber, 
from the French word camlrtr, to round like an arch. It 1* arches 
of this kind which are generally employed over window* and doon 
in external work, and &ej too are either cut or ganged. 

Gauged archea are oompoeed of bricks wblcb are cat and rubbed 
to gauges and moulds, so as lo form perfectly fitting part), aa in 
masonry. Gauging is equally applicable ID arches and lo walling, 
as it means no more than the bringing every brick exactly lo a 
certain form, by cutting and rubbing, or grinding it lo a certain 
Eauge or measure, so tbat It will exantljr fit Into its place, aa la the 
finer works of masonry. Gauged brick-work 1* set in a putty ih- 
stead of common mortar, but It I* seldom uted eii-ept for arches in 
tbe fronts of houses, &c.. which ars to be neatly fluiibed. Tbcss 
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Building. *^ A>r the most purt straight, and are generallj fVoin eleven to 
twelve inches in depth, or the height of four courses of brick- 
work. Their value as arches will be best understood by reference 
to the diagram, fig. 7, by which it appears that all the material be- 
tween the soffit of the straight arch or head of the opening b e, and 
the dotted line 6/e, is useless, the intradoe or soffit of the really 
efficient part of tiie arch being at that dotted line itself. This is 
the arc of an angle of 60* ; its chord, the width of the opening, being 
the base of an equilateral triangle constructed on it, and the joints 
are the radii of a circle whose centre is at a. h df and c t, the con- 
tinuations of the sides of the triangle or radii a h and a c, are techni- 
cally termed the skew-back of the arch. Sometimes the arc is made 
under a more acute angle, in which case the skew-back is less, that 
is, the external angles e b d, and & o s, are less obtuse ; a smaller 
unavailable portion of the arch is thus left between the arc and its 
chord, but that portion is less securely retained under the flatter 
segment, because the joints or radii diverge leas, or are more nearly 
parallel. These ganged arches being, as tiiey for the most part are, 
but a half brick in thickness, and not being tied by a bond to any- 
thing behind them — for indeed almost the whole, if not the whole, 
of their height, is occupied behind by the reveal and the wooden 
lintel — require to be executed with great care and nicety. It is a 
common fisult with workmen to rub 3ie bricks thinner behind than 
before, to insure a very fine joint in fW>nt. This tends to make the 
work bow outwards ; it shoiUd rather be inverted, if it be done at 
all, though the best work is that in which the bricks are ganged to 
exactly the same thickness throughout. Fig. 8 is a transrerse section 
of fig. 7, and the gauged arch, lintel, &c., in it showing the total 
disconnection of the gauged arch with any surrounding brick-work 
to which it might be bonded. The absurdity of constructing arches 
circular on the plan, especially in a thin unbonded shell of bricks, 
is so dear as hardly to require notice. 

Gtauged facing to a wall is exceedingly objectionable, unless the 
bricks used for die gauged work be originally a little larger than 
those which are to be worked in behind, whose sise should be their 
gauge, otherwise no bond can be kept between the bulk of the vrall 
and its faee ; and the same mortar or putty should be used through- 
out, of equal consistence, and with joints of equal thickness, or the 
work cannot be sound and comjftkct. 

Bvery thing relating to the construction of niches, groins, domes, 
&c., may be referred to the articles Abor, Bribob, and Stonb- 
Masonrt ; the difference between stone and brick, as far as the 
principle is concerned, being only in the comparative magnitude of 
the parts ; for to make perfect arches, &c., it is clear that the bricks 
must be cut to the same forms that are required in stone. 

It is generally held that nothing but its own components should 
be admitted into a brick wall, except what is absolutely neces- 
sary for its connection with the other parts iof a building, such 
as vrall-plates and wood-bricks (and that these should be avoided 
as much as possible), templates, lintels, ftc. Wall-plates are ap- 
plied to receive the ends of the joists, and distribute the weight of 
the floor to which they belong equably along the walls. If the 
joists tailed singly on the naked bricks, their thin edges would 
crush those immediately under them, and the rest of the brick-work 
would escape immediate pressure altogether. Wall-plates may be 
avoided by the use of framed floors, which are carried by a few 
large beams, under whose ends stout pieces of timber two or three 
feet in length are placed. These are intended, like a wall-plate, 
to distribute the weight over a considerable part of the wall, and 
prevent the necessity of placing the beam on the naked friable 
bricks, and are called templates. Lintels are used over square- 
headed windows and doors, instead of arches in brick-work. They are 
useful to preserve the square form and receive the j(^ner's fittings, 
but they should always have discharging arches over them, and 
should not tail into the wall at either end more than a few inches, 
that the discharging arch be not wider than is absolutely necessary. 
Fig. 9 indicates the elevation of the inside of part of an external 
wan with a window in it, and shows the lintel orer the opening 
with a discharging arch over it, and wood bricks under its ends, on 
the jambs of the opening. Discharging arches should be turned 
over the ends of beams, and templates also, as in fig. 10. They 
may generally be quadrants of a circle, or even flatter, and should 
be turned in two or more half bricks over doors and windows, and 
other wide openings, but over the ends of beams they need not be 
in more than one half brick. 

Wood bricks are used to prevent the necessity of driving wedges 
into the joints of brick- work to nail the joiner's work to. They are 
pieces of timber generally cut to the sise and shape of a brick, and 
worked in as bricks In the inner face of a wall, where it is known 
the joiners have occasion for something of the kind. This is prin- 
eipsllY in the jambs of the windows and doors for their fittings, 
and uong the walls, at proper heights, for the skirtings or wain^ 
Getting, as the case may be. 

The use of bond timbar in brirk walls is objectionable, because 



of its liability to shrink and swell, to decay, «»nd to be counumed by Building. 

fire, in any of which cases the structure to which it belongs is either v ^ _^j 

injured, endangered, or absolutely destroyed ; and in England the 

use of timber La waUs has, since the extension of the manufacture 

of iron in these countries, been in a great degree superseded by that 

metal in the form known as hoop iron. Thin and narrow strips ol 

this metal are laid in the bed joints of mortar, at intervals more oi 

less frequent according to the nature and character of the work, with 

the best effect in respect of compactness and consequent strength. 

It will be generally found that a brick wall built with mortar 
and faced with ashlar lias settled inward to a greater or less extent, 
as the work has been more or less carefully performed. Indeed in 
the nature of things it cannot be otherwise, unless the brick back- 
ing be worked in some cement which sets and hardens at once ; for 
the outer face is composed of a layer of unyielding material, with 
few and very thin joints, which perhaps do not occupy a fiftieth 
part of its height, while the back is built up of an infinity of small 
parts, with Ailly one eighth its height of joints, which are composed 
of material that must both yield to pressure and shrink in drying. 
Some part of the ill effect attendant on this is obviated by the bond- 
stones, which tail in or run through the wall, and tend to keep the 
discordant materials together ; but still much of it remains : and 
besides this, the internal or cross walls, which have no stone in them, 
will either settle down and shrink away fh>m the external walls, 
or drag them inward, as they happen to be well or ill bonded or 
tied. For these reasons, brick-work built in this manner with 
masonry should be executed with exceedingly well-tempered mortar,, 
made with no more lime than is absolutely necessary to cement the 
particles of sand together, and the sand again to the bricks, worked 
as stiff as it can be, and laid in as thin courses as may be to answer 
the purpose required of it. Above all, work of this kind must not 
be hurried, but allowed time to dry and shrink as it goes on. 

Discharging arches over vacuities having been disposed of inci- 
dentally, we have now only to speak of them under openings, in 
which situation their use is to distribute the superincumbent we^^ht 
equally over the substructure, or along the foundation as the case 
may be. For this purpose the arch is inverted, as shown in the 
diagram, fig. 14, and by means of it the weight brought down by pi. XLIV. 
the piers is carried along the footings, which are thus equally borne 
upon throughout their whole length. Arches of two half bricks 
are indicated here, that being sufficient for ordinary purposes, and 
to develop the principle; in large and heavy works, arches of tliree 
half bricks, and even greater, may be judged necessary. Any arc 
between a quadrant and a semicircle may be used with advantage; 
but an arc of less than 46° cannot be recommended for the inverted 
discliarging arch under piers. If it should so happen that an old 
well or cess-pool, that cannot without great inconvenience and ex- 
pense be filled up with sound walling, or in some other efficient 
manner, the ground being sound on either side of it, a second dis- 
charging arch may l>e formed under the pier and over the unsound 
part, resting its legs on, or springing fh>m, the inverted arch under 
the opening, and on the sound ground, as indicated by the dotted 
arch in the last-quoted diagram, fig. 14. For the most part, how- 
eve^ the bonding of the work may be trusted to carry the weight 
down to the ground under all but very wide openings very low down 
in the work. Arches require abutments whether they are erect or 
inverted, and this is often forgotten when inverted arches are used. 

Not the least important part of the bricklayer's art is the forma- 
tion of chimney and other flues. Oreat tact is required in gather- 
ing over properly above the fire-place, so as to conduct the smoke 
into the smaller flue, which itself requires to be built with great 
care and precision, that it be not of various capacity in different 
parts, in one plaee contracted to a narrow straight, and in another 
more widely expanded, and so on. With the present imperfect 
means of cleaning chimney flues, it is absolutely necessary that they 
be of a certain magnitude, which should be carefiiUy maintained 
throughout ; but it would be better that they were made OTal, or 
with the angles taken off at least, than parallelograros in plan, as 
the practice is. Chimney flues are plastered or pargetted with a 
mortar in which a certain proportion of cow-dung is mixed, which 
prevents it fVom cracking and peeling off with the heat to which it is 
exposed. Experiment has proved that a tapering and nearly cylin- 
driod flue of much smaller bore than is now required is the best for 
carrying away smoke. But the bore should be regulated by the 
size of the fire-place, or rather by the quantity of smoke to which 
it is required to give vent 

Sewers and drains which are not cylindrical should be built with 
concave bottoms, although the sides be parallel and the covering 
horisontal. The concave channel keeps the stream more together, 
and enables it the better to carry its impurities along with it : 
whereas a flat-bottomed drain offers a large surfVuse fbr the particles 
of soil to attach themselves to, and the stream of water, being more 
scattered, is leas efficient in force. All drains in houses and in other 
places where it may be necessary to open then ^t any time, should 
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BcUding. be of the form of which a, ilg. 11, is a aecUon, with a flat covering 
of stone paving, or large, strong, paving tiles, set and jointed with 
cement. Oun-barrel drains, as at h, are the best in exposed situa- 
tions, because they are the strongest ; bat as there is no mode of 
cleaning but by breaking them up, if they are too long to be raked 
they should not be employed except with a considerable fell, and a 
firequent or constant stream of water through them, as from a pomp 
trough, rain-water trunks, Ac. They are constructed on a barrelled 
centre, which the bricklayer drags on as be advances with his work, 
finishing as he goes. Large sewers, which are accessible ftom the 
ends by men to clear or remove any accidentsl obstructioBs, are 
best circular or elliptical ; the latter of the two is generally pre- 
ferred, because, in proportion to its capacity, its height is greater. 
No drain should have an inclination or fkll of less than one-quarter 
of an inch to a foot ; and where the stream is infrequent and dull, 
as much more would be a great advantage. In building drains it is 
of great importance that proper traps should be constructed lo pre- 
vent the return of foul air and the passage of vermin. At every sink 
there should be a bell-trap, and a well-trap within that, or near the 
hither end of the drain. Suppose a drain of the form of that shown at 
a, fig. 11, nine inches wide and nine inches deep, leading from a kit- 
chen or scullery to the common drain of the house, in which it meets 
that which comes from the watei^oset and other places. The bell- 
trap in the sink itself will prevent the return of smell when it is 
constantly in use, but it is liable to be broken and otherwise in- 
jured by the ignorance and impatience of servants and others, or it 
may become dry by evaporation in some situations ; it is therefore 
necessary to have a trap not so liable to contingencies. Let a well 
be made eighteen inches or two feet in diameter, square or round, 
and two feet six inches or three feet deep, across and below the level 
of the drain, as shown in the plan, fig. 12, and longitudinal section 
of the same, fig. 18 ; it must be built around with brick, in cement, 
and be plastered on the inside with the same material, which will 
make it capable of retaining fluids. Uprightly across this well, 
and in the transverse direction of the drain, must be placed a sound 
piece of paving stone, so lonsr that its ends may be inserted in the 
sides of the weU, as shown in Ig. 12, and so wide that its upper edge 
shall touch the covering of the drain, and that its lower may reach 
six or nine inches down into the well below the bottom of the drain. 
Mortar or cement must prevent the passage of air between the 
upper edge of this trap-stone and the cover of the well and drain, 
and the trap is complete. The water coming from the sink flows 
along the drain from a to 6 (fig, 13), where it falls into the well, 
and filling it up to that leve^ it flows on again from e in the direc- 
tion of d, to the cess-pool or common sewer, from which, however, 
no smell can return ; for the trap-stone «, the lower half of which 
is thus immersed in water, completely bars the passage. It is evi- 
dent, however, that if the well should leak, the water in it may fall 
below the lower edge of the stone, and the efficiency of the trap be 
destroyed ; but if it be made perfect in the first instance, there can 
be no danger of any inconvenience that a bucket of water thrown 
in at the shik will not cure. It is fhmi the drying up of the water 
in these well-traps (vulgarly called nink trapt) that uninhabited 
houses are so fk^quently tensive. It must be clear, moreoverf that 
these traps form an effectual bar to vermin, and Uiey may Uiere- 
fore be advantageously placed at the entrance of water-closet drains, 
to prevent rats fhmi getting at the soil-pipes, which they will gnaw 
and destroy if they can get access to them. Internal drains, or those 
which go through a house, sho^d always pass under the doorways 
if possible, in external wadls at least. If, however, circumstances 
should render it absolutely necessary to take a drain through a wall, 
an arched ring or boll's eye should be made for it to pass by. 

Cess-pools should be made cylindrical, and be bricked round, 
but whether they are made to retain fluids or not, can seldom be a 
matter of consequence, as they are generally put in secluded 
places, where, if the object be not to get rid of the waste, there is 
seldom, at least, any desire to retain it. In towns and cities where 
the common sewering is as complete as it ought to be, and water- 
closets are used instead of privies, cess-pools are unnecessary, as the 
soil becomes so much diluted by the water that goes down with it, 
that it flows readily enough through the private drains to the com- 
mon sewer, and so on with the rest, to the common receptacle. 
Sometimes, indeed, it may be found necessary to dean out the well- 
traps, but this cannot often occur. 

Pipes being hollow cylinders of well-made and well-burnt pot- 
tery form the most efiicient house-drains. Such pipes may be put 
together end to end, with great accuracy and sufficient strength, 
with the aid uf collars of the slightest sheet-iron looped together as 
hoops. The common and bad practice is to form such pipes with 
sockets, so as to fit spigot and faucet fkshion ; but the addition to 
the substance of the pipe to form the socket almost insures a defect 
in the pipe in or about the socket, whilst the kind of connection 
which the socket establiihes renders it impoa«ible to take out any 
3Be length of pipe, and thereby to open a drain in the event of an 



obstruction occurring without disturbing many lengths, and makes Building, 
perfect re-instatement impossible, without taking op and relaying 
the drain from one or other of its ends. AU this is precluded by 
the use of a collar, but the collar used most not be of the brittle 
pottery itself. In using pipes for drains, it should be borne in 
mind that a little larger than large enough, is better than the 
reverse of this. No pipes should be laid down for a house-drain of 
less bore than six indies, nor should pottery be used for drains re- 
quiring a greater bore than twelve inches ; the material is too weak 
to allow of more. Nor should pottery drain-pipes be laid under 
any carriage road, for the same reason, that the material is not 
strong enough to stand more than a dead pressure. 

Brick and tile paving is performed by the bricklayer. Brick- 
paving is either flat or on edge, in sand or in mortar or cement. 
Brick flat-paving in sand, that is, with the bricks laid on their 
broadest surfaces, and bedded in and on dry sand, is very slight and 
fragile, and brick flaUpaving set and bedded in mortar is very little 
better; for if the soil on which the paving is laid be li^t and 
sandy, the bricks are easily displaced by being pressed unequally ; 
and if it be clayey it will probably be moist, and the thin porous 
brick absorbing the moisture; will generally become saturated, and 
present a damp, unwholesome floor. Paving with bricks on their 
edges, however, forms a much l>etter floor, and is preferable to a 
stone paving, if the latter be laid on the ground without the inter- 
vention of footings. Brick-on-edge paving in sand is generally 
used in beer cellars, pantries, dairies, stables, ftc, as its numerous 
open joints allow wasted or discharged fluids reedUy to escape ; and 
it is both cool and dry under ordinary circumstances. In mortar 
or cement, bricks on their edges form a sound, dry floor ; the small- 
ness of the surface exposed by each brick in this manner leaves 
them of course less susceptible of partial pressures, and the depth 
fhmi the soil to the surface is such that damp rarely shows through. 
The paving brick differs from the common brick only in thickness, 
its dimension in that direction being rather less than two inches, 
instead of two inches and a half, and in being rather harder and 
more compact Dutch dinkers are paving bricks, smaller and 
much harder than the English; they are six inches long, three 
inches wide, and one inch and a half thick, and are always set on 
edge and herring-boned ; that is, instead of l>eing plaoed in paralld 
Unes, they are set at right angles to each 
other thus, — ^with neverthdess a perfecUy 
even faoe. Paving tiles are made nine 
inches and a half and deven inches and a 
hdf square, though they are called ten- 
inch and twdve-inch or foot tiles respec- 
tively, the former being one inch, and the latter one indi and a half 
thick ; they are set in oourses, as stone paving would be, the dter- 
nating courses breaking joint 

Tiling being much less in vogue than formerly, in consequence 
of the better appreciation of the superior qudities of slate for cover- 
ing rooft, and the moderate cost at which slates are now furnished 
to the bidlder, it no longer maintains its separate artificer, but is 
performed, when it is required, by the bricklayer. It consists, for 
the most part, of two sorts — ^plain tiling and pan tiling. Plain tiles 
are simple paralldograms, generally about ten inches and a half in 
length, six inches wide, and five-dghths of an inch thick ; and each 
tile has a hole pierced through it near one end, to recdve tiie wooden 
pin by which it is hooked on to the lath. The tiles are laid in mor- 
tar on the laths, which in this country are at oak or ^, with an 
overlap of nx, seven, or eight inches. The greatest overlap or 
smallest gauge makes the securest work, though it does not present 
so good an appearance externally as a longer gauge does ; and it 
requires, moreover, a greater number of tiles and laths, thereby 
adding materially both to the weight and the cost. The great over- 
lap and the mortar are both necessary, nevertheless, to prevent the 
rain and snow firom driving in between and under the tiles. Plain 
tiling requires the pitch of the roof to be at an angle of at least 50", 
and is one of the heaviest coverings that can be used, though it is 
at the same time one of the warmest The tiles, however, readily 
and rapidly absorb moisture, which they communicate to the latbis 
and rafters under them, to the serious injury of both the latter ; 
and the mortar in which they are set requires to be fk^uentiy 
pointed, the constant atmospheric changes to which it is exposed 
occasioning it to crumble and fall awsy in no long time. 

Pan tiles are parallelograms of irregular surface, straight in the 
direction of their length, which is thirteen inches and a half, but 
twisted to this form i^^^ in the transverse section. Measur- 
ing the whole surface across, a tile is nine indies wide, but in a 
right line from point to point not more than seven, and its thick- 
ness is half an inch ; a small tongpe or Up is bent down at one end 
fhmi its flatter convexity, on the under side, to hook it on to the 
lath by, instead of a wooden pin through it, as in a plain tile. Pan 
tiles are set dry or in mortar, on laths. They are not Idd dde by 
side, but overlapping laterally thus ; consequentiy all the overlap 
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Baildinji. tbe; hkva longitndinsllj ii thraa or foor Ineni* only, or «noagb to 
v— ^^ ■ praviDt rkin and anow from drlTlug op under the upjier, over Iha 
end of thelawar tUe; *Dd thence pui tiling is hot Utile mora tiuu 
bmlf the weight of plain tiling. It i> 
nsiertheleiaatDachleu trerm covering for i 
hnafR. and ia mure liable to be injured 
b; violent galea or guata of wind Chan the ill 
Ultari*; but again, itpreaenuaftr mora ||| 
pleaalng appeannca to the eye. Pan tiling |l 
will not b«r a, in neb Oatter pilch thui ji' 
the other, but it ia greatly Improred by J<i, 
being pointed on the inalde with lime and 

balr. aometimea indeed the whole of the worli la, ai we bare nid, 
•et in mortar ; but thia mode hi* dlaadf antages to which painting 
Intenully li not liable, and it* anpaiiority in other reepaeta ia 
qoaatlonable. To both pan and plain tiling there la a large con- 
cave tile nied to cover the hipa and ridges of a roof. Theae are not 
generally made to overlap each other In any aituation, but are let 
in mortar, and faatened witb naila and hoolia fitted for the purpose, 
and driven into tbe wood- work of the roof. 

When the Iflp of a brick wall la not protected by a roof, It mnat 
be covered or coped In aome manner, or U will aoon be destroyed 
by the weather, aometimea thia ia done by meana of a oouraa of 
brlcka act aeroaa U on their edges in cement, and called a barge 
coorae, bnt it ii a very Imperfect covering, for water will trickle 
duwa the face of the wall on both aides, ta Che coping brick can be 
DO longer than the thianeat wall is in Ihickneas. Two double 
tOBfiee of plain tilea may be put aids by aide under the barge 
oouraa, making a prqjaction over either face of about one inch and 
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Tbia li mocb better than tbe barge course alone : bat sUU tbe 
covering receivee no inclination outwards to throw the water off; 
tlie upper sorface* era all horizontal. The same objection eiiata to 
foot-paving lilea, which are also used as a coping ; bat none of these 
metboda ia available for any wall above nine Inchea In thiekneaa. 
BtODB coping, tberefbra, which maybe made of aufficient width, and 
be both weathered and throated, !> mnch to be preferred. 

One of the greatest fkults in the modern practice of building. 



neb, do not project auAdenUj to protect the tkca of the waii on 
which they may be placed, from the weather. A bold, massive, 
and wall-projected cornice on a wall serves aa a roof or pent-houae 
to it, and. Imidea Imparting great beauty to the plainest structure, 
protects tbe wall from the pnmature dpcay of Ite upper part eape- 
cialiy, and of tbe joints generally, if it be nnplaatered brick-work, 
which thereby caila for tbe frequent repetition of pointing. Effec- 
tive and pleasing oorntcea and blocking cooraes may be formed with 
oncat brlcka aloua; and these, eat in cement, would, witb judieloua 
management, add materially both to tha appearance and durability 
of brick- work, without tha foreign aid of either tha plasterer or the 

From the iqjory which accmea to the joints of brick-work 
through bad management In its execution, aud imperfect protection 
wbvD eiecQted, arisee the necessity so fVequent at the preaent day 
of folatiag. 



a froat will have anpervened before the aurfacea of the 
joints in a wall are dry; consequently tha mortar burata and peels 
away, and tbe whole then requires to be pointed. Preparatory to 
thia operation the acaffold, if It baa beenatruck, muat be re-erected. 
tha mortar raked out of the joints to a depth of about three-eighths 
of an inch, or deeper if the Injury have reached nirtber;^ — thia can 
be dona by a labourer; — a bricklayer then goaa over the whole 
with a liard hair bruahand water to cleanse and moliten the joints; 
and then, with mortar prepared for the pnrpoa*. he careflilly fills 
them all up, and neatly draws them with his trowel. Tbb mortar 
most be of tha best qoaliCy; It is generally compounded with a 
certain proportion of forge ashes, which glvei it a blue tinge, and 
greatly aMa iu power of resisting the action of the weatber. Ce- 
ment Is socnetlmea used instead of thia blue mortar. If the wall 
to be pointed be a fhmt or other Important one, in which peculiar 
neatneas ia required, evrry joint la marked with a narrow parallel 
ridge of a Doe white putty, In the composition of which bone Ume 
fanu a principal Ingredient. The former la called -flat-joint, and 
tba latter tnck-poiuting. If it he an old wall that requires point- 
ing a BoadFold mutt be erected befora It ; and where tha pntlodca 



cannot be reated On wlndow-silla and tha like, half brieka are gene- Baling, 
rally drawn from the wall to make reals fbr them, and restored i , _-m ' 
again whan the work is done. Tba former proceea la then gone 
through with a comnion wall ; but if It require tuck-pointing, the 
wbole surface is well washed, and then coloured, to look like new, 
before the pointing Is done. The gauged arebea over the windowa 
and doors are always coloured, and the joints drawn with peculiar 
neatneaa. If in the original building of the wall the perpends have 
not been preaerved, that ia. If the vertical joints have not been 
made to fall perpendicularly in the alternately recurring couries, tbe 
workman in pointing stops up the old joints, which are Irregoiar, 
with putty of a brick colour, and forms false new onee in the proper 
places. 

The toola and Implemeuta mostly employed by tbe bricklayer an 
the trowel, the ptumb-rule, the level, Che square, tba bevel, line- 
pins and linea, Uie nker, and the hammer, together with a hod and 
apade for his labourer. Beaidea theae there are sundry others need 
in cutting and gauging bricks and some which btj peculiar to 
tiling and paving ; but tbe most material operations can be per- 
formed withthoaeenumentadhere. A pag-millandacreenaformis< 
ing and tempering mortar ara also auxiliariea of great importance. 
Brick-work is valued by the rod, A rod of brick-work la a 
quantity wboea superficies is £72^ feet (taken In practice at tbo 
round number 272 without the fraction), and thickness one brick 
and a half. Reckoning the one brick and a half at thirteen Inches 
and a half, — its average extant, — tbe cubic tOot ia to the reduoad 
superficial foot aa eight to nine, so that a tuhit rod of brick-work 
consists of 306 feet, tbe result of 2T2 multiplied by nine and divided 
by elghC The reduced superficial rod, however, is that commouly 
nsed in practice; and tha process of mcaaurlng, to ascertain the 
quantities and bring tbem to a standard, ia as follows : — 

Tbe exact anperflcie* of so much of a wall aa may be of tlie aama 
thiekneaa is taken, and tbe number of bricks IC Is In tfalckneas 
placed marginally; all the different portions or parts being of ths 
same thickness are taken in like manner, and then deductions, as of 
window openings and doorways, ara taken as such, in superficies, 
with their respective thickneaaea placed marginally alao. Tha dl- 
menaiona, on being aquared, are aliatracted In half bricks, the do- 
ductiona made of like tbickneases fVom like tblekneaaes, and the 
wbole reduced by multiplying each quantity by the number of half 
bricks to tbe thiekneaa of tbe parts of the wall which the margin 
eipraasea, and dividing the prodoct by three (the number of half 
bricka in one brick and a half, the atandard), the reduced quantity 
which retails, divided again by 273, tbe number of feet in a rod, 
gives the quantity of rods and feet In tha wall ; aa, for example, — 
The front wall of a bouse Is thirty-five feet in ieuglb on the ground 
Soor. (fig. H.) It baa a basement story twelve feet high from 
the top of tbe footings to the level of Ibe ground floor, and two and 
a half bricks thick, which is a half brick mora than tbe wall above. 
The footings are three spreading courses high, each course a half 
brick thicker than tha one above it. In tbe basement wall there 
ara a door and two windowa, the former eeven feet by three fact 
six Inchea between the raveala, and the latter five feet by three fbet 
nine inches between the nvaala also. The meaauramant of thua 
mnch will ahow how all the rest must be done. 

The footings conaisting of three equaUy spreading ooursee, the 
extant of the middle one both in length and breadth will be an 
average of them all, so that they may be taken In one height. To 
the length of the ground floor, thirty-five feet, must be added twic« 
three aeta-off of one-fonrtb of a brick at each end of the basement, 
and of tha Cwo first oouraea of footings for the length of the second 
of them ; Uiii is equal to three half bricks, or thirteen and a half 
Inches, which, added to tbirty-flvefeet, makes tbirty-aix feet one and 
a half inch the dimension of length for Che footings, by nine Inchea, 
their height ; Ibfir average thickness, to be placed in tha margin, la 
three and a half bricks, tha highest oonrse being tliree bricks, the 
second three and a half, and the third or lowest tour bricks. That 
is the first quantity. Thenaxt iaof tbewallabovs. Tbelength(one- 
half brick,for the two sata-off, added to thirty -five foet, gives) tbirty- 
fivs feet four and a half Inchea, by tha height twelve feet, two and a 
half bricka thick. Tbe deductions ara aeven feet by three feet six 
inches in one brick for the door, between tbe reveals, and seven feet 
four and a half Inches by (bur fbet three inches in one and a half 
brick behind the raveala, tbe rest of the thickness of tha wait, an 
addition of one-halfbrlck being made to the height, and of two 
half bricks to the width, because of the raveala. He windows an 
taken In exactly the aama manner, wllb tha aama addition* ; but aa 
the two are of tbe same aiie,tiieir number is marked against tha one 
dimension. The dimensions are now to be squared, and tbe squar- 
ing is done by duodecimala, or eroas-mulUpticatioo. 36 feet H 
Inches x -9 Inches = 27 feet I Inch ; S< feet 4} Inches X IS feet if 
= 424 feet 6 inches, and so on with the resC An abitruit is thep_ 
made of theae quantities In two columns, tbe fi rat is marked "one^ 
halfbriek," and the second "dedoetionsln thattbickneas." ^the 
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finililng. flnt oolamn is placed the fint qoantiiy, multiplied by eeTen, the 
number of half brlclu in threq and a half, which stands marginally 
to it; 24 feet 6 inches x 7 =s 189 
feet 7 inches. The second dimen- 
sion follows in the same column, 
multiplied by five, the number 
of half briclis in its thickness ; 
the next quantity is a deduction, 
that is placed in the second co- 
lumn, multiplied by two, the 
thickness of the part deducted 
being one brick, and the rest in 
the same manner. The abstract 
being completed, the columns are 
added, and the amount of the 
second deducted from that of the 
first, and the difference divided 
by three, which brings it to the 
reduced standard. Dividing now 
by 272, the number of rods and 
feet in the given wnll appears 
to be 2 tods, 185 feet, 8 inches. 
The quantities are more gene- 
rally abstracted in one-brick and 
one and a half brick columns, 
with deductions in other parallel 
columns, to which thicknesses 
they are all readily brought. The 
single oolumn in one-half brick 
is, however, assumed here as the 
more simple and the more easily 
explained. 

It must be remembered, that 
in taking the return or end walls, 

the thickness of that which has been already taken in front is to be 
deducted from their length, or the angle-pier or quoin will be 
taken twice. Work which is circular on the plan may be taken se- 
parately, and charged at a higher price altogether, or it m^ be 
measured as plain, and an extra taken at so much the superficial 
foot. Chimney breasts are taken as additional quantities, with the 
thicknesses they project, and the opening for the fire-place is de- 
ducted ; but the flues are measured as solid, the extra labour and 
mortar in forming and pargetting them being fully equal in value 
to the bricks saved. 

A rod of brick-work will consume about 4500 bricks, though 
the number will be a few more or less than this, m the bricks hap- 
pen to be below or above the average sise, and as the joints are 
made thicker or thinner. The quantity of mortar, it is evident, 
will be affected by the latter consideration also; but in London it 
is generally reckoned at from ninety to a hundred striked bushels, 
or from four to four and a half cart loads, each containing about 
one cubic yard, to the rod. The labour on a rod of brick-work 
may be taken on an average at the wages of a bricklayer, and his 
assistant or labourer, for four days ; this, however, does not include 
making and turning the mortar, nor scaffolding, which latter must 
be separately considered. Many things will, however, affect the 
time in which the work may be performed, both of the bricklayer 
and his labourer ; the former can do one-fourth as much more, at 
the least, in walls which are to be plastered, as in those In which 
he has to keep the perpends and draw the joints, ftc., and more in 
thick walls than in thin ones ; and the capability of the latter will 
depend, inversely, on the rate at which the former can proceed, on 
the distance he may have to carry the bricks and mortar to the foot 
of the ladder, and mainly on the height he has to carry the materials 
up the ladder. In great heights, however, the materials should 
always be hoisted. 

Gauged arches are taken at so much per foot superficial, in ad- 
dition to being measured in as brick-work. Both the vertical and 
horisontal surfaces are measured to obtain the superficies of the 
arch, or rather of the work upon it. Bough arches are also taken as an 
extra superficial quantity ; but plain arches in vaults, ftc and di^ 
charging arches, are not considered extras, though an allowance is 
made for cutting to moulds, for inverted discharging arches, at per 
foot run. 

If a wall be faced with bricks of a more costly sort than that of 
which the bulk is composed, or worked in a peculiar manner, it if 
calculated by the foot superficial, also in addition to its measure- 
ment as brick-work. It should be a matter of previous agreement 
whether or not there shall be an extra charge for plumbing quoins 
and reveals. Under ordinary circumstances no allowance is made 
for it ; but oblique vertical angles, both internal and external, which 
require to have bricks neatly cut to form them, are taken at so 
much per foot running measure. External oblique angles are tech- 
nfc^Hllgr termed aquint-qtuAiu, and internal, htrdtHnunUh* Oblique 



angles within a building are taken as run of cut splay. Cuttings Building, 
to rakes or Inclined straight lines are taken by the running foot 
also, but with reference to the thickness of the walL Cuttings to 
ramps or concave lines are measured and valued in the same man- 
ner. Sailing or projecting courses, preparations for plaster coi- 
nices and brick cornices themselves, are all taken at so much per foot 
run, acoordlngto the labour and materials involved in working them, 
over and above the regular charge for the brick-work by the rod. 

Everything, indeed, which adds to the labour of executing brick- 
work, and consumes more than the ordinary quantity of materials, 
is taken in addition, either by the foot superficial, or by the foot 
running, or in numbers, as the setting of chimney-pots, bedding and 
pointing door and sash-frames, Ac. Bond-timl>ers, lintels, and wall- 
plates, are generally measured in with the brick-work, on account 
of the trouble of bedding them, and the delay generally occasioned 
to the bricklayer in setting them. If they are not included with 
the brick-work, bedding £em is an extra charge, at so much per 
foot run ; and then filling in l)etween the ends of the joists and 
beams generally requires to be taken also. 

Brick-nogging is measured by the superficial yard. Including the 
quarterings and interstices, and making no deductions but for open- 
ings. Drains and sewers are measured by the foot run, according 
to their form and capacity. The quantity of materials consumed, 
and labour required in constructing them, may be readily obtained 
by calculating the one, and observing the quantity a man with a la- 
bourer can execute under the circumstances, whatever they may be. 
within a given time. Digging out the ground, filling in over, and the 
removing of the spoil, necessarily cause an addition to the charge for 
the drain, which must vary according to circumstances. 

Paving is measured by the superficial yard of nine feet; tiling 
by the square of one hundred feet; — eaves courses, ridges, and hips, 
being extra charges, by the foot run. Pointing, wheUier to old or 
new work, is measured by the superficial foot ; and the scaffolding 
for it, when scaffolding is required, is either included in the price 
per foot for pointing, or a charge is made for the use of it, together 
with the cost of carting, and iSe men's time in setting up and re- 
moving it. 

i!fa*(m.— We must refer to the separate articles under 
SxoMK-MASOMBr for information on that subject. It will, 
however, be necessary to give a few particulars here on 
masons' work, as it has to do with other artificers' works 
in the process of building, and especially with reference to 
various species of walling, or modes of constructing walls of 
stone. 

From the regular and determined form of bricks, modes or 
systems for setting or arranging them may be formed, and any 
workman, by habit and an exertion of memory merely, may 
become competent to build a brick wall as well as it can be 
built ; but it is not so with stone used in common masonry 
walling. The workman in this material has for the most 
part to deal with masses of all forms and of all sizes,and a con- 
tinual exercise of the judgment is required fit>m him beyond 
the tact or skill which may be acquired by practice. For 
this reason workmen are generally less to be trusted to 
themselves, or to their own discretion, in stone than even in 
bricklaying or walling^ The best or highest sort of stone 
walling is the easiest to set ; it is that in which the stones 
are all tooled and gauged in reeular parallelogramic figures, 
to range in courses and suit the wickness of the wall to which 
they are to belong ; and the most difficult to execute pro- 
perly is that in which amorphous stones are used, — the ma- 
son being allowed merely to dress them roughly with his 
hammer or axe, and fit them in as he best can to form the 
most compact mass : this is called rubble walling. 

From the brittle nature of stone, great tact is requh^ in 
setting, to prop or bear up the longer pieces in every part, or 
they will break across, and thus occasion more injury than 
cotud accrue if their whole mass had been made up of small 
pieces. Very Ions lengths, therefore, should be avoided, 
even in regular tooled courses, with which the bearing is or 
should be perfectly even, and a settling down of the work 
itself is hardly to be feared. There is a certain medium 
which may be preserved ; and although the object is o\y 
viously, in stone as in brick walls, to form a compact mass, 
as unbroken into parts as possible, a mason will act judiciously 
in breaking a very long stone into two or more shorter ones, 
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Bailding. and working them in that 8tate, though he thus makes two 
^•^^r"--' or more additional joints, well knowing that he has the power 
of counteracting to a certain extent the ill effect of joints 
made by himself^ but that those made by accident are irre- 
mediable. 

The observations made in the section of this article on 
bricklaying, on the use of mortar, will apply here also. Of 
whatever quality the stone may be of which a wall is to be 
built, it should consist as much of stone and as little of mor- 
tar as possible. If it be inferior in durability and power of 
resisting the action of the atmosphere, &c. to the mortar, 
. besides the certain fact that the mortar will yield until it has 
lei hard, and so far act injuriously, no ulterior good is gained ; 
md if the stone be the more durable material, the more of 
it that enters into the wall the better. Indeed, in rough 
walling, if the stones be pressed together until the more pro- 
minent angles on their faces come into actual contact, the 
interstices being occupied by mortar, it will be better than 
if a thick yieloing mass were allowed to remain between 
them. Absolute contact, however, should not be permitted, 
any more than in brick- work, lest the shrinking of the mor- 
tar in drying leave the stones to such imequal bearing as the 
prominent parts alone would afford. Stone being generally 
of a less absorbent nature than brick, it is not a matter of 
so much importance that it be wetted before setting ; never- 
theless, adhesion on the part of the mortar is more certain 
and more coniplete if the stones be worked in at least a 
damp state. What bond is, and the necessity for it, have 
also been shown in the preceding section ; and bond is of not 
less importance in stone walling than in bricklaying. We 
have also hinted above at the greater difficulty of under- 
standing, forming, and preserving it in the former, and can 
now only add a rew observations in addition that can be of 
any use, and these with reference to rubble walling particu- 
larly. Instead of carefully making the joints recur one 
over the other in alternate courses, as with bricks and gauged 
stones, the joints should as carefully be made to lock, so as 
to give the strength of two or three courses or layers between 
a joint in one course, and one that may occur vertically over 
it in another. In bonding through a wall, or transversely, 
it is much better that many stones should reach two-thirds 
across, alternately from the opposite sides, than that there 
should be a few thorough stones, or stones extending the 
whole thickness of the walL Indeed, one o£ the many faults 
of stone-masons is that of making a wall consist of two scales 
or thin sides, with thorough stones now and then laid across 
to bind them together, the core being made up of mortar 
and small rubble merely. This is a mode of structure that 
should be carefully guarded against. There b no better 
test of a workman's tact and judgment in rubble walling than 
the building of a dry wall, or wall without mortar, affords ; 
— walls are frequently built with mortar that without it would 
have ffdlen down under their own weight in a height of six 
feet, in consequence of their defective construction ; — thus 
rendering it evident that they are only held together by the 
tenacity of the mortar, which is very seldom an equivalent 
for a proper bond of stone. Masons are very apt to set thin 
broad stones on their narrow edges to show a eood &ce, by 
which the wall is injured in two ways ; it tenoB to the for- 
mation of a mere case on the surface of a wall, and it for the 
moat part exposes the bed of the stone to the atmosphere, 
as a stone is more likely to be broad in the direction of its 
bed than across it. 

Rubble walling is cither coursed or uncoursed. In the 
latter sort, fig. 15, the work is carried on with stones of any 
sises, as they may occur, and without reference to their 
heists, somewhat in the manner of the Cydopsan walling 
of antiquity ; the interstices of the larger being filled up with 
smaller stones. For this work the mason uses no tool but 
the trowel to lay on the mortar, the scabling hammer to 
break off the most repulsive irregularities from the stones, 



and the plumb-rule to keep his work perpendicular. The Railding. 
line and level are equally unnecessary, as the work is inde- 
pendent of considerations which are affected by them. An 
attentive and intelligent workman will, however, make a 
sound wall with this species of construction, by fitting the 
stones well togetlier and packing them with as little mortar 
as possible, yet filling every crevice with it, and carefully 
bonding through to secure compactness, transversely at the 
least. 

In coursed rubble walling, fig. 16, the line and level are 
used, the work is laid in courses, each course being care- 
fully brought up to the same level in itself, though no at- 
tention is paid to uniformity in the heights of the different 
courses. For this species of walling &e stones are gene- 
rally roughly dressed by the workman in the gross before 
he begins building. He is careful to get parallel beds to 
them, and he brings the best face of each stone to a toler- 
ably even surface at right angles to the beds ; the ends, too, 
receive some little attention, and for this purpose he uses 
an axe in addition to his scabling hammer. The quoins in 
coursed rubble walling are genersdly built with peculiar neat- 
ness and precision, and they are set to serve as gauge courses 
for the rest. This, when well executed, makes a sound and 
excellent wall. It presents, however, rather a rough and 
homely appearance, and in finer works must be covered with 
stucco or cement, or faced with ashlar. 

Ashlar is an external rind of gauged stones in equal 
courses, having tooled or closely-fitting joints to give a wall 
a neat and uniform appearance ; it is axed, tooled, or rubbed, 
as may be thought most in character with the structure, or 
that part of it to which it is to belong. Ashlar stones, or 
ashlars as they are commonly called, are made of various 
sizes on the surface, as the duuracter of the edifice may re- 
ouire or convenience demand^ and vary in thickness from 
n ve to eight or nine inches. Some of the ashlar stones must, 
it is dear, be used transversely as bond stones, or the facing, 
having nothing to connect it with the wall behind, would 
soon totter ana fall. Bond stones are generally put in al- 
ternate courses, with the backing to the jambs of openings, 
such as windows, and ofiener, if these do not recur within a 
length of five or six feet ; the bond stones themselves, too, 
should not fall in the same vertical chain, except when they 
are in the iambs of openings, but break in tneir alternate 
courses. Ashlar is commonly set in a fine mortar or in 
putty. It is generally recommended that ashlars should not 
be made regular parallelopipedons, but run back irregularly 
to tooth in with Uie backing, the vertical joints being left' 
open fix>m about an inch within the fiice of the wall, and the 
upper surface or bed of the stones made narrower than, 
though perfectly parallel to, the lower. These things may 
exert a slightly beneficial influence under some circum- 
stances ; but the mode of construction involved is so radi- 
cally bad, that unless the backing is set in a quick-setting 
cement, or be so well packed as to be proof against its gene- 
ral tendency to settle away from the ashlar fiiong, no means 
of the kind can materially improve it. A well-compacted 
wall of coursed rubble, the courses being frequently made 
up of whole stones and faced with ashlar, may be made toler- 
ably sound and trustworthy. Brick backing, with ashlar 
fiuring, cannot be considered as good, though it has the ad- 
vantage of not requiring battening and lathing for inside 
plastering, as the stone-backed wall does. Uncoursed rub- 
ole with ashlar has all the disadvantages of both the pre* 
ceding, with nothing to recommend it before either of them. 

There are, besioes, many sorts of walling or modes of 
structure arising firom the nature of the materials furnished 
in various locuities. That of most frequent occurrence, 
perliaps, b a manner in which either broken or rounded 
flints are used. These depend almost entirely on the mor* 
tar with which they are compacted, and on a coursed chain, 
which is commonly introduced at short intervals of larger 
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Building, stones or of bricks, to act as a bond s the quoins, too, in 
tills species of structure are generally constructed of dressed 
stones or of brick. 

Whatever objections lie agunst bond timber in brick-work 
apply with equal force at least to the use of it in stone walls. 
Hoop*iron bond is not only available in all kinds of stone wall- 
ing, including the highly-wrought close-jointed kind, but it is 
invaluable, as it may be used both longitudinally and trans- 
versely as it may in brick- work ; whilst it compels the build- 
ing mason to bring his work up to a true and fair bed as 
oflen as the bond is to be laid in it 

Discharging arches, it must be evident, are as necessary 
in and to stone walls as to walls of brick, and they may be 
treated much in the same manner. 

Rubble walls are scaffolded with single, and ashlar-fronted 
or other gauged stone walls with double-fronted scafiblding, 
the former tailing one end of the putlocks in on the wall, 
and the other having an inner row of standard poles and 
ledgers parallel to the outer, making the scafibld entirely in- 
dependent of the wall. In some places, however, it is the 
custom to dispense altogether with an external scaffold in 
building stone walls, particularly with gauged stones. With 
light and plain work this may be done without much incon- 
venience or retardation ; but if the work be heavy or delicate, 
considerable delay and incorrectness result. Sometimes the 
finer work, such as that to mouldings, flutes, and foliate or 
other enrichments, is merely boasted or roughed out before 
the stones are set, and finished aflerwards. This can be 
done well only from a secure floor or scaffold, on which tlie 
workman may move freely. 

When walls are not entirely of masonry, in the ordinary 
course of economic building, stode is frequently used for 
copings, cornices, string and blocking courses, sills, landings, 
pavings, curbs, steps, stiurs, hearth-stones and slabs, and 
chimney-pieces ; to these may be added ouoins and archi- 
tectural decorations, or dressings for windows, doors, &C., 
though both the former and latter are not unfrequently exe- 
cuted in plaster composition, or cements. Copings (see 
Glossary to the article Architecture) to cover walls, para- 
pets, &&, are worked with a plain horizontal bed, two verti- 
cal fiu^es, and an inclined or weathered back or upper sur- 
face ; either forming an acute angle with the outer and wider, 
and an obtuse angle with the inner and narrower face, to 
throw the water off, as shown at a, fig. 19 ; or to both sides 
from the middle, as at 6 ; the latter is technically termed 
saddle-back coping. In both cases they are made to pro- 
ject over the wall or parapet on both sides ; and in the pro- 
jected part of the bed under the edge or edges towards 
which the inclination is given, a channel or groove, called a 
throat, is cut, to intercept the water in its inclination to run 
inwards to the wall. On gables or other inclined planes the 
coping is neither weathered nor throated, as the water is 
necessarily impelled along its course to the lower end, and 
not over Uie sides. To protect the separate stones of a cop- 
ing oourse firom the danger of being displaced by high winds 
or other accidental cause, and to form a chain through its 
whole length, the stones are linked together by cramps of 
copper or iron let into their backs and run with lead. These 
metals, however, especially the iron, for the most part act 
very injuriously, from their exceeding susceptibility of at- 
mospheric changes, and their greater or less tendency to 
oxidation ; indeed, the stone invariably suffers more than 
the work benefits from the metal cramps. Tenons, dowels, 
joggles or dovet^ls of stone, or of hard wood or cast iron, 
iqipiied so as to be protected from the weather, would be far 
better, and would answer every desirable purpose suflB- 
ciently. Cornices {vide ut siip.) are but ramified copings, and 
are or may be subjected to the same general laws. Care 
must be taken, however, in arranging them, that their centre 
of gravity be not brought too fiur forward, in the anxiety to 
project uiem sufiicientJy, lest they act injuriously on the 



wall by pressing unequally, and their own seat be also en- Building, 
dangereo. String courses {vide ut sup>) economically, in 
contradistinction to architecturally, are meant to protect a 
set-off in a wall, by projecting over its lower face in the 
manner of a coping (see fig. 17, ate) ; the beds are worked 
parallel, and the outer face vertical or at right angles to 
them, but so much of the upper surface is weathered or 
sloped off as protrudes fit>m Uie upper part of the wall to 
carry the water off; and, for the reason above stated witli 
regard to copings, the lower bed just within the outer face 
is throated. A stone string course, cramped or dovetailed 
in the bed, forms an excellent chain round a brick-wall ; but 
the part of it in the wall should be of the exact thickness of 
one, two, or more courses of brick-work. A blocking oourse 
(vide ut #^p.) is either a very thick string projecting over or 
flush with the face of the lower part of the wall to cover a set- 
off, or it is a range of stone over a crowning cornice to bring 
the centre of gravity more in on the wall than it otherwise 
would be ; in Uie former case it is treated exacUy as a string, 
excepting that, if it be flush below, there is no occasion for 
a throat ; and in the latter it has a horizontal bed, parallel 
vertical sides, and a weathered back or upper surface. Sills 
{vide ut gup.) are weathered and throated like the parts of a 
string course (see fig. 17, at a- and b) ; they are laid across 
window openings as a base to the sash-firame ; disdnct sills 
in the same line may, indeed, be considered as an intercepted 
string course. In the ordinary practice of building, win- 
dow sills are seldom set iii brick walls until they are ab- 
solutely required to set the sash-frames on ; or they are set 
but not bedded, except at the ends. The object of this 
is to prevent any settlement that may occur in the piers 
from breaking the sills across on the unyielding part of the 
wall under the windows. A necessity for this, however, can 
only arise from bad construcUon ; for wiUi a good bond in 
the brick-work, all would setUe together, and tne sills might 
be completely bedded across at once. Liandinffs are plat- 
forms of stone, either over an area before a door, at the 
head of a flight of stairs, or as the floor of a balcony* They 
are made four, five, six, or eight inches in thickness, ac- 
cording to their extent and bearing ; if not of 6ne piece of 
stone, theyareof nicely jointed pieces joggled and plumed 
together, and are worked on the face and edees just as their 
situation may demand. Stone pavings are of various kinds, 
and are prepared, shaped, and laid in various ways. Stone 
paving that is not exposed to the sun and air, u next Uie 
ground, should be laid on footings of brick or stone, or it 
will be constantly damp if the soil be close and clayey; but 
in yards, open areas, &&, it may be laid on the ground, 
bedded in sand, and jointed with mortar or cement. Stone- 
paved floors are either on brick arches, or on a Umber floor 
prepared for the puqxise ; the latter is a very bad mode of 
supporting paving, as the impression derived from the pre- 
sence of the stone is, that the floor is incombustible ; but 
if it be bedded on combustible material, the danger to 
human life in the event of fire is greater than if the stone 
paving did not exist at all. It is worked, cut, and set more 
or less expensively, according to circumstances. A curb is 
a range or oourse of thicker and stronger stone to bound a 
pavement, and is either flush with the paving, showing as a 
step on its outer edge, or raised above it to receive a balus- 
trade, and shows on the outer side as a blocking course ; 
in the latter situation it is generally joffgled and plugged in 
the joints. The term step or steps aJone is generdly un- 
derstood to mean external steps, whether arranged in long 
or short flights, or the single step in a doorway into which 
the door-frame is tenoned. A step should have a plain hori- 
zontal bed, and a very slighUy weathered tread or upper 
surface ; the front or riser worked plain and vertical, or with 
a moulded nosing, and the back simk with a joggle or 
bird's-mouth joint to receive the step or landing above or 
behind it. Stairs are but a flight or combination of steps 
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Buildiog. tised internally ; the principles upon which they are con- 
fttructed will be found under the heads Stone-Masonhy 
and JoiKKBT. Hearths are the stone-flooring of fire-places ; 
and a stab is that part of the floor of a room which ties im- 
mediately before the fire-place and along the extent of its 
front. This slab is supported by a flat brick arch called a 
brick trimmer, whidi is tumea from the chimney-breast 
under the hearth on one side, to the trimmer joist on the 
other. (See a section of all these at fig. 18.) Chimney- 
pieces consist simply of mantle and jambs ; that is, the 
vertical sides, and the architrave or transverse covering witli 
its shelf or cornice. The parts of a chimney-piece are ge- 
nerally put togetlier with an adhesive plaster or cement, 
and idSxed to the wall or chimney-breast behind with 
cramps, holdfasts, and plugs. The material of which 
chimney-pieces are composed varies from the coarsest stone 
to the finest marble ; and the labour on them varies to a 
still greater extent. Quoin-stones are gauged and wrought 
blocks with parallel beds and vertical faces, placed on the 
angles of buildings with the intention of adding to their 
beauty and strength ; they are used either with brick or 
stone walls, and are generally made to project before the 
hce of that to which they are attached, mostly with a wea- 
thered angular joint, or with a rectangularly grooved or 
moulded one. The quoins are coursed with the rest of the 
wall if it be of stone, and are made to occupy the exact 
space of a limited number of courses of brick in a brick 
wall. (See fig. 17.) 
^ Masonry to receive architectural decorations is generally 
worked into the walls as they are carried up ; but as they 
are seldom homogeneous either in matter or construction, 
the result is mosdy the converse of what it purports to be, 
for the work is more firequently weakened than strengthened 
by the decorative masonry. Stones of which columns are to 
be composed, whether each column is to be of one stone or 
more, are generally roughly boasted out before they are 
set, and are finished afterwards to traversing moulds and 
templets with a plumb-rule, whose sides are cut to the di- 
minution, whatever it may be. Flutes are cut at the same 
time and in the same manner. The beds of the joints in 
columns should be worked with the greatest precision, that 
they may fit firmly and closely together ; tney must not, 
liowever, be worked hollow to make a dose joint externally, 
or the arrises will chip off. It is considerea a good plan to 
put a piece of thin milled lead between the beds, cut cir- 
cular, and extending to within a short distance of the sur- 
fiice, and that the rest be filled with a fine adhesive putty, 
made as nearly of the colour of the stone as possible. This 
makes a solid bed, and protects the arrises effectually ; but 
it will not do so well for slight columns, because it narrows 
the bed so materially. A joggle or dowel of hard wood or 
cast iron let into the core might be a sufficient counterac- 
tion, and it would certainly add to the stability of a poly- 
lithic shafL The other parts of a columnar composition 
may be sufficiently cramped' and joggled together with wood 
and metals, according to the situation, though it may be 
again remarked, that neither wood nor metal should be used, 
unless it can be protected from access even of the atmo- 
sphere. 

Stone walling is generally measured by the perch of 
twenty-one feet superficial, at a standard of eighteen inches 
in thickness, or a cubic quantity of thirty-one feet six inches. 
Sometimes it is taken by the rod of 272 feet, like brick- 
work, but at the eighteen-inch standard instead of the four- 
teen-inch, or a bride and a half, as in the latter species of 
waiKng. The perch, however, as first stated, b the stan- 
dard of thb country. The quantities may be ascertained 
in the same manner that they are in measuring brick-work, 
the number of* inches the wall is in thickness being substi- 
tuted in the margin for the number of brick lengths. In 
khstracting. the superfidal quantities may be taken out in 



columns under the different thicknesses; the amount of Bulding. 
each column being multiplied by the thickness in inches, 
and divided by eighteen, gives the reduced quantity ; but 
if the work be taken in cubic quantities, it is evident that 
three dimensions of every part multiplied together brings 
the whole at once to cubic feet, and no further process is 
necessary, unless it be required to bring the total quantity 
into reduced perches, which may be done by dividing it by 
thirty-one and a half. 

The custom being different in different places with re-< 
gard to the double measurement of quoins or angle piers, 
and as to whether openings, such as windows and aoors, 
shall or shall not be deducted, because of the greater care 
and trouble required in setting and plumbing quoins and 
reveals, these particulars should be made matter of previous 
agreement, rerhi^ the best way is to take the quantities 
exactiy, and allow a running measurement extra on the 
parts requiring more than the -usual quantity of labour, or, 
the nature of the work being of course obvious beforehand, 
the price per perch, per rod, or per foot cube, on the exact 

Quantity, may be made to indude the profX)sed extras. In 
he same manner, chisel-dressing (that is, facing the stones 
neatiy and truly with the chisel), whether plain or sunk, 
may or may not be charged extra, according to agreement, 
or, in the i^sence of a previous agreement, to the custom 
of the place. To ascertain the value of stone walling, the 
cost of everything that enters into some fixed quantity on 
the spot must be calculated, for almost everything con- 
nected with it varies in almost every place. The original 
price of the stone at theqiuirry; the expense of carrying it 
from thence to the place where it is to be worked up ; its 
texture or comparative hardness, which will materially affect 
the quantity of walling a mason may execute in a certain 
time ; the cost on the spot, of lime and sand, and the height 
to which stones must be carried or hoisted f]x>m the ground ; 
must all be ascertained and considered, as well as the wages 
of masons and labourers, and the sort of walling proposed 
to be executed. 

Stone used in string and blocking courses, sills, copings, 
cornices, steps, quoins, columns, entablatures, &c* is mea- 
sured by the foot cube, and the work on it b taken as plain, 
sunk, or inoulded, by the foot superficial. The dimensions 
for the cubic quantities are taken on the unreduced block, 
or rather on the greatest breadth and thickness which liie 
finbhed works exhibits ; for instance, the string course, 
which appears in section at c, fig. 1 7, would be vSien as of 
the thickness throughout which it holds in the wall ; and 
in the same manner, the thickness of tiie sill at b woidd be 
taken under the wooden sill of the sash frame, which must 
have been the original thickness of the whole scantiing. 
Stone sawed into thin slabs for paving, chimney-pieces, &C., 
is taken by the superficial foot, at a certain thickness, the 
value being ascertained from the cubic quantity and the cost 
of sawing on the suriace, whilst some artides, bdng of a 
fixed brcadtii and thickness fitting them to peculiar purposes, 
are taken by the running foot ; but botii these latter modes 
suppose labour included. 

Plain work b the even surface produced on stone by the 
chisel, without the necessity of taxing away more than the 
mere inequalities, and is equivalent to what the joiner calb 
trying-up, that is, making the surfaces perfectly straight 
both longitudinally and transversely, and so that it shall be 
quite out of winding, ^ich indeed b a term to express the 
result of trying up. Sunk work arises from the necessity of 
chiseling or hacking away below the level surface of the 
plain work, such sa the weathering of copings, string courses, 
cornices, &c. ; and mouldings cut in stone produce what is 
called moulded work. Sunk and moulded work are either 
straight or circular ; circular plain work is certainly spoken 
of, but incorrectiy, for every flexure in stone must be pro* 
duced by sinking. The joints and beds, tiiat is, the upper 
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BuUding. and lower horizontal sides, and the vertical ends of stones, 
are taken as plain work, as well as their faces and edges, if 
they have been wrought with the ciii^el to produce the sur- 
face ; or their superficies are taken as sawing or half plain 
work, if the surfaces are as the saw lefl them. An extra 
charge is made on plain work for rubbing to produce a 
smooth unchannelled surface ; and again, a higher charge is 
made for plain work if It be equally channelled or furrowed 
in vertical lines over the surface ; this latter operation is 
technically termed tooling. Whenever any two surfaces 
meet in an obliaue angle, one of them may be taken as sunk 
work, and it will generally be that which is not parallel to 
its opposite side. It is valued at about two-sevenths more 
than plain work ; and circular sunk work, tliat is, circular 
in the direction of its length, at about one-sixth more than 
straight sunk« Moulded work is measured by girding the 
n[v>ulding or mouldings with a cord or tape, carrying it into 
all the quirks, and round all the arrises; the dimension 
thus given is multiplied by the length for the superficial 
quantity. This is valued at about one-fiflh more than sunk 
work, and circular-moulded at about one-half more than 
straight. Narrow join tings, groo vings, throatines, jogglings, 
&c. are taken by the foot run. Mortises, holes, notches, 
cramps, dovetails, &c. are numbered and charged at so much 
a piece, according to the labour and cost invoiveu in making 
them. The common pavings, landings, copings, sills, and 
steps generally used in London for ordinary purposes, are 
of a mminated stone from Yorkshire, and they are for 
the most part worked to size and shape in the quarry, 
so that there can be very little labour on them beyond the 
mere fitting and setting, making mortises, fitting coal-plates, 
traps, &c., when such are required, unless they be rubbed, 
which occasions, of course, an extra charge, i ork pavings 
and landings are taken by the superficial foot, at such a 
thickness ; and copings, sills, steps, &c. by the foot run, ac- 
cording to their size. 

Plasterer^ Sfc. — No art in the economy of building con- 
tributes more to produce internal neatness and elegance, 
and no one is less absolutely important, so fiur as the use 
and stability of a structure are concerned, than that of the 
plasterer. Its very general application, too, is of compa- 
radvely late date ; for wainscotted walls, and boarded or 
boarded and canvassed ceilings, or naked joists alone, are 
freouently found in houses of even less than a century old, 
both in these countries and on the Continent. 

The plasterer, as the term imports, works in plastic, ad- 
hesive compositions, which are laid on walls, both internally 
and externally, to stop crevices, reduce inequalities, and pro- 
duce an even, delicate surface, capable of receiving any de- 
coration that may be applied to it, either in colour or other- 
wise. These compositions are as various as the modes of 
applying them, the rudest being a compost of loam, a marly 
clay, and lime ; this is used only for tlie commonest pur- 
poses, and being laid on in one coat, is washed over with a 
thin mixture of lime and water, which process is termed 
white-washing ; the highest work of the plasterer is the 
making an imitation of marbles and other costly stones, of 
the purest calcined gypsum, mixed with a solution of gum 
and isinglass, and colouring matter to produce the required 
imitation. For the more common operations of plastering, 
however, comparatively few tools ana few materials are re- 
quired. The plasterer is attended by a labourer, who sup- 
plies his boards with mortar, and by a boy on the scafibld 
with him to feed his hawk ; he is necessarily furnished with 
a lathing hammer, a laying-on trowel, a hawk, floats, brushes, 
jointing trowels and rules, moulds and straight edges, to- 
gether with a screen, spade, rake, and hod, for his li£ourer, 
and a feeding-spade or server for his hawk-boy. The lath- 
ing hammer is cheauered on the face with indented lines, 
to make it less liable to slip over the head of the nail ; the 
upper or back part of the hammer is made like a hatchet« 



but very narrow, and on its inner side or edge there is Building, 
sometimes a square nick or grove, by means of which the 
workman is enabled to draw a nail that has gone awry. The 
laying-on trowel is a thin plate of hardened iron or steel, 
ten inches long and two and a half inches wide, rounded at 
one end and square at the other end or heel ; it is very 
slightly convex on the face ; and to the back, about the 
middle of it, the spindle or handle is rivetted in at right 
angles, which, returning in the direction of tlie heel panulel 
to the tool, fits into a rounded wooden handle, by which 
the workman grasps it. The plasterer is obliged to keep 
this implement particularly clean and dry when he is not 
actually using it, lest it rust in the slightest degree, as it is 
clear tljat the brown oxide of iron would sadly discolour his 
finer work on touching it again with the troweL The hawk 
is a piece of wood about ten inches square, to receive a 
small portion of mortar on, for the convenience of carrying 
it readily up to the wall or ceiling, to be there deliverea 
and spread by the troweL The hawk is traversed across 
the back by a dove-tailed piece, into which the wooden 
liandle is fixed at right angles, and by this the workman 
holds it in his lefl hand. A hand-fioat is a piece of board 
shaped something like a plastering trowel, witl) a ledge handle 
to it, and is used to rub over the finished work, to produce 
a hard, smooth, and even face. A quirk-float is of wood 
also, and is angularly shaped to work in angles ; and a derby 
is a long two-handed float, which is that principally used in 
forming the floated coat of lime and hair. The plasterer's 
brush is broad and thin, with a stout or slight row of coarse 
or fine hair, as it may be required for rough or fine worL 
Jointing troweb are thin plates of polished steel, of triangular 
shape, the point being a very acute angle ; Uie hanole is 
adapted to the heel or base of the tool. They are of three 
or four different sizes, and are principally used in making 
good cornices, and joining them at their internal and ex- 
ternal angles, wliich is called mitring. Jointing rules are 
auxiliary to the jointing trowel. Moulds are pieces of hard 
wood cut to the contour of cornices or separate mouldings, 
to assist the workmen in forming them readily. For work 
of any importance the moulds are cut in copper plates, which 
are inserted in the wooden stock, and narrow pieces of wood 
are fixed to the moulds transversely, to guide and steady 
them along the screeds. A straight edge is a board of con- 
siderable length, shot perfectly straight on one edge, to 
bring the plastering on a wall or ceiling to a |ierfectly even 
surface, by traversing it in every direction. A screen is a 
large parallelogramic wooden frame, on which metal wires 
are fixed at regulated distances from each other, to act as a 
sieve. This b propped up in nearly a vertical direction by 
a counter-frame hinged to it like a common step ladder, and 
the coarser materiab which enter into the composition of 
plastering mortar are thrown against its outer face, to sepa- 
rate the particles which are too large for the purpose from 
the finer. The sand and lime, too, are mixed much more 
efficiently and completely by screening them together than 
in any odier manner. The spade and hod are Uke thoee of 
the bricklayer's labourer. The rake b used to separate the 
hair used in the mortar, and distribute it throughout the 
mass. The hawk boy's server b about the size and shape 
of a common garden hoe, but the handle b in the direction 
of the instrument With this the boy reheats the mortar on 
the board, to destroy any set it may have taken, and de- 
livers it in small pats or portions on to the plasterer's hawL 

The plasterer's materials are laths and lath nails, lime, 
tend, luur and plaster, of which are formed coarse stuff or 
lime and hair, fine stuff, gauge stuff, &c; and besides these, a 
variety of stuccoes and cements, together with various ingre* 
dients to form colouring washes, &c.are more or less in request. 

Laths are narrow strips of some straight-grained wood 
(in thb country they are generally of fir, though oak laths 
are sometimes used), in lengths of three and four feet, or to 
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Building. 8uit the distances at which the joists of a floor or the 
quarterings of a partition are set, and in tliickness from 
one-eighth to three-eighths of an inch ; those of the greater 
thickness are called lath and a half. Lath nails are either 
wrought or cut ; cut nails are in common use in this coun- 
try with fir laths. Coarse stufF is composed of ox or horse 
hiur from the hide, in addition to the lime and sand mor- 
tar of the bricklayer and mason ; this is intended to act 
as a sort of mesh to net or tie it together, and form a 
coarse but plastic felt The hair should be as long as it 
can be procured, and free from grease and filth of every 
kind. Road drift is unfit to be used for mortar, unless it 
be completely cleansed from all animal and vegetable matter, 
and of all mud and clay. Nothing but clean sharp sand 
should be used with the lime and hair in the composition of 
this, any more than of brick mortar. Fine stuff is a mortar 
made of fine white lime, exceedingly well slaked with water, 
or rather macerated in water to make the slaking complete; 
for some purposes a small quantity of hair is mixed up with 
this material. Fine stuff very carefully prepared of the 
finest powdered lime macerated so completely as to be held 
in solution by the water, thus forming a mere paste, which 
is then allowed to evaporate until it is of a sufficient con- 
sistence for working, is called putty. Gauge stuff is com- 
posed of about three-fourths of putty and one-fourth of cal- 
cined gypsum or plaster of Paris ; this may be mixed only 
in snuul quantities at a time, as the plaster or gauge renders 
it liable to set very rapidly. Bastara stucco is made of two- 
thirds fine stuff, without hair, and one -third of very fine 
and perfectly clean sand (the cleanliness or purity of sand 
may be determined by the facility with which it may, when 
in a moist state, be struck off from the hand without leaving 
a soil); and common stucco is composed of about three- 
fourths of clean sharp sand and one-n>urth of the best lime, 
well incorporated. This must be protected from the air 
from the time it is made up until it is required to be laid on 
the walls. The cement best known and most commonly used 
in this country is called Parker's, or Parker's Roman cement. 
This material, when of good quality, with fine clean sharp 
sand, in the proportion of about three of the former to one 
of cement, and well executed, forms a very good external 
coating for walls. 

A composition known as Portland cement, because the 
mortar formed by it when mixed with sand, presents, or is 
supposed to present, the appearance of stone from the Port- 
land quarries, has grown of late years into repute in Lon- 
don more * particularly, and it is in one particular at least 
preferable tor an outside stucco, that the colour to which it 
dries is sufficiently agreeable to the eye without any colour- 
ing wash, whereas Parker's cement is too oflen of a dark 
dirty tint, requiring painting or colouring to render it toler- 
able. Portland cement is also much esteemed as being 
proof against water when used as a mortar in setting brick- 
work, and in the composition of concrete for foundations. 

The various coatings of plastering are thus designated : 
On laths, plastering in one coat simply is said to be laid, 
and in two coats, l«d and set. In three-coat plastering on 
laths« however, the first is called the pricking up, the second 
is said to be floated, and the third set On brick or stone 
walls, without the intervention of laths, plastering in one 
plain coat is termed rendering ; with two coats, a wall is 
said to be rendered and set ; and in three, rendered, floated, 
and set Before the plasterer begins to lath a ceiling, he 
proves the under face of the joists, to which he has to work, 
by the application of a long straight edge, and makes out 
any slight inequalities in them, when the work is not to be 
of a very superior description, by nailing on laths or slips to 
bring them as nearly even as he can. When the inequali- 
ties are great, or if the work is to be of fine quality, he recurs 
to the carpenter, who takes off inordinate projections with 
his adze, and nails on properly dressed slips where the joists 



do not come down low enough, and thus brings the whole Bailding. 
to a perfect level. This operation is called firring, tliat is, 
putting on pieces of fir, ttiough it is vulgarly termed and 
frequently spelt,/icrrt»^. If it be a framed floor of* ceiling 
joists the plasterer has to work to, it b tolerably sure to be 
straight ; but the carpenter must have firred down on the 
beams or binders to the level of the ceiling joists, unless the 
ceiling joists have been nailed to the beams or binders, when 
nothing of this kind need be necessary. If a ceiling is to 
be divided into compartments or panels, the projecting or 
depending portions must be bracketed or craoled down to 
receive the laths. It is an important point to be attended 
to in plastering on laths, and in ceilings particularly; that 
the laths should be attached to as small a surfiice of timber 
as possible, because the plastering is not supported or up- 
borne by its adhesion or attachment to the wood, but by tne 
keying of the mortar itself, which passes throueh between 
the laths, and bends round over them. If then we laths are 
in constantly recurring contact with thick joists and beams, 
the keying is as constantly intercepted, and the plastering 
in all such places depends entirely on the portions between 
them which are properly keyed. Under a single floor, 
therefore, in which the joists are necessarily thick, a nar- 
row fillet should be nailed along the middle under the whole 
length of tliem all, to receive die laths and keep them at a 
sufficient distance from the timber to allow die plastering 
to key under it ; and thus too the surface might be made 
more perfecdy even, by blocking out the fillets, and con- 
trariwise, as it is in single floors that inequalides mosdy 
occur. This being all arranged, the plasterer commences 
lathing. The laths should be previously sorted, reserving 
the crooked and knotty, if there be such, for inferior works, 
and selecting the best for the work of most importance, so 
that the workman shall find none to his hand that is not fit 
to be brought in. Taking a lath that will reach across three 
or four openings, he strikes a nail into it on one of the in- 
termediate joists, at about three-eighths of an inch from the 
one before it, and then secures the ends of that and the one 
that it meets of the last row with one nail, leaving the other 
end of the lath he has just set to be secured in the same 
manner with that which shall meet it of the next bay in 
condnuadon. It is of importance also that he pa^ attention 
to the bonding of his work, either by using longer and 
shorter laths in bays or squares, and in breaking the head- 
ings, or with laths of the same length, the first and last 
courses or bays only having the bond formed by half laths. 
In lathing on quartering partitions and battened walls, the 
bonding is not a matter of much importance ; nor is the 
thickness of the timbers behind the latter of so much con- 
sequence as in a ceiling, because the toothing which the 
thickness of die lath itself affords to the plastering is enough 
to support it vertically ; but, nevertheless, the more complete 
the keying, even in works of this kind, the better, as the tooth- 
ing above will not protect it from any exciting cause to fall 
forwards, or away from the laths. The thinner or weaker sort 
of lath too is generally considered sufficiendy strong for par- 
titions, whilst the stronger is used for ceilings. Thin weak 
laths, if used in a ceiling, are sure to produce inequalities, by 
sagging with or yielding to the weight attached to them. A 
chance one or two weak ones in a ceiling of otherwise strong 
laths may be die ruin of the best piece of work. Care should 
be taken therefore not to allow a thin lath, or one of un- 
equal thickness, to go on to a acaSbld with thicker and more 
equable ones, lest die workman should, through careless- 
ness or otherwise, put it up with the rest When the lath- 
ing is completed, the work is either laid or pricked up, ac- 
cording as it is to be finished with one, two, or three coats. 
Laying is a tolerably thick coat of coarse stuff or lime and 
hair brought to a tolerably even surface with the trowel 
only ; for this the mortar must be well tempered, and of 
moderate consistence,— thin or mobt enough to pass r^A- 
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Building, dily through between the laths, and bend with its own 
weight over them, and at the same time stiff enoueh to 
leave no danger that it will fall apart, a contingency, liow- 
ever, that in practice frequently occurs in consequence of 
badly com|H)8ed or badly tempered mortar, unduly close 
lathing, or sufficient force not naving been used with pro- 
perly consistent mortar to force it through and form keys. 
If the work is to be of two coats, that is, laid and set, when 
the laying is sufficiently dry, it is roughly swept with a 
birch broom to roughen its surface, and then the set, a 
thin coat of fine stuff, is put on. This is done with the 
common trowel alone, or only assisted by a wetted hog's 
bristle brush, which the workman uses with his left band 
to strike over the surface of the set, while he presses and 
smooths it with the trowel in his right. If the laid work 
should have become very dry, it must be slightly moistened 
before the set is put on, or the latter, in shrinking, will 
crack and &11 away. This is generally done by sprinkling 
or throwing the water over the surface from the brush. 
For floated or three-coat work, the first, or pricking up, is 
roughly laid on the laths, the principal object being to make 
the keying complete, and form a layer of mortar on the 
laths to which the next coat may attach itself. It must, of 
course, be kept of tolerably equal thickness throughout, and 
should stand about one-quarter or three-eighths of an inch 
on the surface of the laths. When it is finished, and while 
the mortar is still quite moist, the plasterer scratches or 
scores it all over with the end of a lath in parallel lines 
from three to four inches wart. The scorings should be 
made as deep as possible witnout laying bare the latlis ; and 
the rougher their edges are the better, as the object is to 
produce a surface which the next coat will readily attach 
itself to. When the pricked up coat is so dry as not to 
yield to pressure in the slightest degree, preparations may 
be made for the floating. Ledges or margins of lime and 
hair, about six or eight inches in width, and extending 
across the whole breadth of a ceiling or height of a wall or 
partition, must be made in the angles or at the borders, 
and at distances of about four feet apart throughout the 
whole extent ; these must be made perfectly straight with 
one another, and be proved in every way by the application 
of straight edges: technically these ledges are termed 
screeds. Tlie screeds are gauges for the rest of the work ; 
for when they are ready, and ue mortar in them is a little 
set, the interspaces are filled up flush with them ; and a 
derby float or long straight edge being made to traverse the 
screeds, all the stuff that projects beyond the line is struck 
o£^ and thus the whole is brought to a straight and per- 
fectly even surface. To perfect the work, the screeds on 
ceilings should be levelled, and on walls and partitions 
plumbed. When the floating is sufficiently set and nearly 
dry, it is brushed with a bircli broom as before describeo, 
and the third coat or set is put on. This for a fine ceiling 
that is to be whitened or coloured must be of putty; but 
if it is to be pi^red, ordinary fine stuff, with a little hair 
in it, will be better. Walls and partitions that are to be 
papered are also of this latter, or of rough stucco ; but for 
paint the set must be of bastard stucco trowelled. This coat 
must be worked of exactly the same thickness throughout, 
to preserve to the extemiu surface the advantage that has 
been obtained by floating. For all but this last mentioned, 
the set on floated work, Uie trowel and brush are considered 
sufiicient to produce fine and even work; but trowelled 
stucco must moreover be hand-floated. In this operation 
the stucco is set with the trowel in the usual manner, and 
brought to an even surface with that tool to the extent of 
two or three yards. The worknu&n then takes the hand- 
float in his right hand, and rubs it smartly over the surface, 
pressing gently to condense the material as much as possi- 
ble. As he works the float he sprinkles the suHace with 
water from the brush in his left hand, and eventually pro- 



duces a texture as fine and smooth almost as that of po- Bailding. 
lished marble. But lathing and plastering on laths as prac- ^*«« 
tised in England, is at best a very flimsy affiiir, and greatly 
requires improvement. Stronger laths than the laths com- 
monly employed, put on further apart, and with headed 
HTought nails, and the plastering laid on upon both sides in 
upright work, or both above and below the ceilings at the same 
time, two men working against one another will produce 
work in some degree worthy of the name. But tlie practice 
of the French in 3iis respect — a recent practice truly — ^is well 
worthy the consideration, and to a great extent the imitation, 
of English plasterers. The process of plastering on the naked 
brick or stone wall differs but little, except in name, from 
that we have described as the mode on latli. The single 
coat, or equivalent for laying, on lath, is rendering, and it 
need differ only in the quantity of hair, which may be less 
than is necessary for laying, and in the consistence of the 
mortar, which may be made more plastic, to work easier, 
and because in a moister state it will attach itself more 
firmly to the wall : the wall, however, must itself be wet- 
ted before the rendering is applied. The set is the same, 
and is put on in the same manner as to two-coat work on 
lath. For three coat, or floated work, the first or rough 
rendering should be made to fill up completely whatever 
crevices there may be in tlie work behind it, and be incor- 
porated with it as much as possible. As its name imports, 
its suHace may, indeed should, be rough ; but it is not 
scratched or lined as the similar. coat on lath is: for this, 
too, the wall must be previously wetted, that the mortar 
may the better attach itself to it. For the floating, screeds 
must be formed as before described, and the consecutive 
process is exactly tlie same as on lath, both for the floated 
and for the set coat In almost every case in which plaster- 
ing is to be floated, the workman finds a guide for the feet 
of his wall screeds in the narrow grounds which the ioiner 
has previously fixed for his skirtings ; from these he plumbs 
upwards, and makes his work perfectly flush with them. 

Mouldings and cornices, as large combinations of mould- 
ings and flat surfaces in the angles of rooms, immediately 
under their ceilings, are called, are formed with running 
moulds, and are generally executed before the setting coat 
is put on the walls and ceiling. If the cornice do not pro- 
ject more than about an inoi and a half, or two inches, 
from the ordinary work, a backing of lime and hair wUl be 
sufficient ; and if any one part only happen to be more than 
ordinarily protuberant, a row of nails from six to twelve 
inches apart stuck into die wall or ceiling in the line of that 
part will ^ve it sufficient support. But if the general mass 
of the cornice be more than that amounts to, and extend 
more than six or eight inchea along the ceiling, it must be 
bracketed out, and the bracketing lathed and pricked up, 
as for ordinary work. This pricking up, or other prepara- 
tion, must of course be perfectly set before the cornice is 
and there should be one-fourth of an inch at least of 
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clear space between the preparation and the mould in the 
nearest part. A wooden screed or parallel straight edge is 
tacked with brads on to the wall, and another on the ceil* 
ing, if the cornice be large and heavy, as guides or gauges 
for the mould, whose rests are chased to fit them ; and then 
one man laying on gauge stuff in an almost fluid state with 
an angular trowel, another works the mould backwards and 
forwards over it, which strikes off wharis superfluous, and 
gives the converse of its fbrm to the rest The mould is 
never taken down from the work at right angles to the line 
of it, but is drawn off at the end, so that none of the parts 
of the moulding or cornice is injured or torn by it, which 
must otherwise frequently be the case, from the peculiar 
forms at times given to the details. If a cornice be too 
large and heavy to be executed at once, it may be done in 
the same manner at two or more times, in so many parts ; 
and if any part or parts of a moulding or cornice is to be 
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Building, enriched, the space for it is left vacant by the mould, and 
' the enrichment is afterwards supplied. As a cornice can- 
not be completed up to the angles by the mould, it is 
worked by liand in those situations to a joint. The joinings 
are termed mitres, and in forming them the plasterer uses 
the jointing tools we have already described. Models for 
enrichments are made uy the modeller, according to the 
design or drawing submitted to him, and from tnem the 
plasterer makes wax moulds, or, as in ordinary practice, the 
modeller supplies the moulds in which the ornament is cast 
in plaster of Paris. If the ornament be in recurring lengths 
or parts, as is usually the case, only one length or part is 
modelled, and casts of as many as are required are taken 
from the mould ; some single ornaments, again, which are 
very large, reouire to be moulded and cast in parts, which 
are put togetner by means of cement. When the cast 
ornaments are sufficiently dry the pieces are scraped and 
trimmed, the joints made clean and even, and they are set 
in the cornice with plaster of Paris, with white lead, or with a 
composition called iron cement, as the case may require. 
If the castings have something in the cornice to rest upon, 
the first will do ; but if there is nothing to retain or attach 
them but the cement, one of the two latter must be used. 
Flowers and other ornaments in ceilings which are too large 
and heavy to be trusted to adhesive matter alone, must be 
screwed on to wooden cradling behind and above them. 

In plastering a wall with common stucco (and its use is 
mostly for outside work), the first thing to be done is to 
remove the dust from it by brushing, and then wetting it 
very completely with water; if the wall to be stuccoed be 
an old one, or one of which the joints have been drawn, the 
mortar of the joint? must be chipped or even raked out, 
and the bricks picked, to expose a new and porous surface 
to the plastering before bnishing and wetting. The wall 
is then covered with stucco in a fluid state, applied with a 
broad and strong hog's-bristle brush, like common white- 
washing. When this is nearly dry the stucco must be laid 
on as in common rendering, unless the work is to be floated, 
when the process is nearly similar to tliat in floated plas- 
tering. Screeds must be formed at the highest and lowest 
extremities of the wall, or of that part of the wall which is 
in the same vertical line, and is not intercepted by string 
courses, and be returned at the angles, putting the whole 
surface into a sort of frame. These must be made perfectly 
stnught and plumb, so as to be quite out of winding, by the 
careful application of the plumb-rule and straight edge. 
Inner vertical screens must then follow at three or four feet 
apart across the whole surface, and be made to range exactly 
with the outer ones, and then tlie interstices must be filled 
in as before. As the work is made good it must be well 
rubbed with the hand float, as in the execution of trowelled 
stucco internally, to compress the material, and produce a 
hard, even, and glossy surface. Preparations for cornices 
and other projections from tlie stnught surface of the work 
must have been previously made in or on the brick or stone- 
work, by t}'e protrusion of bricks, dies, or whatever maybe 
best suited to form a core, and the mouldings and cornices 
are run with moulds, in the manner described for the same 
things internally, only that in work of this kind no plastic 
material but the stucco itself is used ; that is, there is no 
preparation of any sofler material than the stucco itself put 
unaer it. In running cornices in this material, workmen 
are very apt to mix a little plaster of Paris with the stucco 
to make it set under the mould, and thus give sliarpness 
and fulness to the mouldings ; but this shomd not be per- 
mitted ; for the plaster is not qualified to stand the weather 
as the stucco is, and, if mixed with it, will produce prema- 
ture decay. When the stucco is perfectly dry, it may be 
painted in oil colours, or be coloured in distemper ; and in 
eitlier case it is generally ruled over the surface with a lead 
ix>int, to give it the appearance of gauged stone-work. 



Rendering in Roman cement is executed almost exactly Building, 
in the same manner as stucco rendering is, only that it is 
laid on the saturated wall directly, without ^e preliminary 
operation of roughing in, or washing the surface with a solu- 
tion of the material. The same process, too, is followed in 
floating this cement, and with the same exceptions ; and as, 
in addition to its superior hardness and capacity for dura- 
tion, it is a quick-setting cement, it is &r preferable to any 
of the common stuccoes for running cornices, mouldings, 
&c. Roman cement, or as it b vulgarly called by most 
persons concerned in the operations of building, compo, a 
contraction of composition, may, like stucco, be painted in 
oil or coloured ; but instead of a size colour, which b used 
for almost every other purpose in plastering, the colour for 
thb composition b mixed with diluted sulphuric acid. Thb 
too may be lined and tinted to imitate stone and stone- 
work of any description. 

It may not be amiss here to refer to some of the causes of 
the premature decay which takes place in stuccoes and ce- 
ments when used externally as a coating to walls. The pri- 
mary cause is the presence of muddy earth and decayed ani- 
mal and vegetable matter in the sand used with the lime and 
cement. To thb may be added frequent impurities in the 
limes and cements themselves, particularly of argillaceous 
matter in the former, and sometimes to the too great pro- 
portions of lime or cement to sand. These things might, 
however, remain quiescent for a long time, if the work 
were well protectea from access of mobture, which is the 
grand exciting cause. The paint, or dbtemper wash, on 
tiie sur&ce, b generally sufficient to prevent the rain which 
may beat against a vertical &ce from penetrating, especially 
if the work have been well hand-floated and trowelled, to 
make it close and compact ; but the evil arises from expo- 
sure above, and from the numberless horizontal unfloated 
surfaces which are constandy presented. These receive 
and collect the water, and convey in streams over the ver- 
tical surfaces what b not immediately absorbed ; and die 
work thus becoming saturated, frost seizes and bursts it, or 
warmth calb the vegetative powers of the impurities in it 
into action, and the whole b covered with a green sward. 
Let the sand of which a plaster composition is to be formed, 
whether with lime or cement, be washed until it no longer 
discolours clean water, and be well compounded with ce- 
mentitious matter free from the impurities with which it b 
so frequently charged ; let the work be well hand-floated and 
trowelled, particularly on the backs or upper horizontal sur- 
faces of projections, and protected above by projecting eave» 
or odierwise ; and die work, with common care and attention 
to paint or dbtemper at intervals, will last as long as anything 
of the kind can be expected, or is found, to last anywhere. 

A cheap and useful covering for external walls which 
arc protected by projecting eaves, in plain buildings, b 
rough cast. This b executed in die following manner. 
The surface is first roughed in, or rendered with lime and 
hair ; and when that is set dry, another coat of the same 
material b superadded, laid as evenly as it can be without 
floating, and as soon as a piece of two or three yards in 
extent is executed, the worxman lays on it an almost fluid 
mixture of fine clean gravel and strong lime, which have 
been well mixed together. Thb is immediately washed 
with any ochreous colour that may be desired, and the 
whole dries into one compact mass. 

In renovating and repairing plastering, the whole surface 
is first well washed to remove the dirt which may have at- 
tached itself^ and as much of the earthy matter of the pre- 
vious coat of whitening or colouring as will come away ; 
any injuries the work may have received, such as cracks 
and fractures, are then repiured ; and when the new stuff 
b quite dry, the joinings are scraped to produce an even 
suiface, and the whole b again whitened or coloured once 
or twice, or oflener as may be required, to make it bear 
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Building, out well. Stuccoed walls which have been painted must 
' be well rubbed with pumice stone, to take off the old paint 
as much as possible before they are newly painted. 

Plastering is measured in feet and inches, and valued by 
the yard superficial of nine square feet. It is taken under 
separate heads according to the nature and description of 
the work, such as rendered ; rendered and set ; rendered, 
floated, and set ; and wiUi lath, for the lathing and plastering 
are valued togetlier ; lathed and laid ; latlied, laid, and set ; 
and lathed, postered, floated, and set. Whitening and co- 
louring are taken under separate heads, and the quantities 
of them are reduced to yaros also. Work done in narrow 
slips, such as to the jambs and soffits of doorways and other 
openings, is measured by the foot superficial, and so are the 
backs of niches, niche-heads, &c. Arrises, or external 
angles and quirks, are taken extra by the running foot, and 
beads and other very small mouldings are measured in the 
same manner. Larger mouldings, however, and cornices, 
whether plain or enriched, are t^cen by the foot superficial, 
and the quantity is ascertained by multiplying the length, 
minus once the projection, by the girth, of the moulding or 
cornice, which is best determined by measuring its mould 
with a tape or cord. Enrichments are either numbered or 
taken at so much the running, foot, making the modeller's 
an extra charge, if the design was ori^nal and required 
special modelling and mouldmg ; and mitres are taken at 
so much a piece beyond a limited number. This number, 
in an ordinary room, is generally the four which necessarily 
occur in its four angles, making those which are usually 
occasioned by the projection of the chimney-breast extra ; 
but it is not an uncommon practice to bring them within 
the limit, and count only all that may occur s^ve eight, for 
no difference is made between internal and external angles. 
Circular work, whether it be convex or concave, of every 
kind, may be charged about one-fourth higher than stnught. 
Stuccoes and other compositions are also valued by the 
yard, and according to the description of the work, with al- 
most similar exceptions to those mentioned with regard to 
common plastering. Used externally, however, all the 
arrises or external angles, .throatings, grooves, chamfers, &C., 
are taken as extra by the running foot at such a width. 

In the practice of measuring plasterer^s work, it is cus- 
tomary to take the whole surface at first, and then what- 
ever deductions there may be. Thus the side of a room 
is measured over all, from the upper edge of the skirting 
srounds up to the cornice. The windows and doors are 
deducted by taking to the outside of their framed grounds 
for the width, and from the skirting grounds up to the 
top of those of the door or window for the height. If there 
be more than one of each, or either of them, to deduct, of 
course the same dimension will serve for all, multiplied by 
as many times as each deduction occurs. A ceiling also is 
generally taken over the whole surface, from cornice to 
cornice, a chimney-breast or other projection being made 
a deduction. It is a moot point whether die plasterer should 
not be allowed that part of the ceiling and wall which is 
covered by the cornice, as he has actually finished the 
whole except setting. When the cornice is bracketed, 
however, he may fairly claim up to the brackets. 

Scaffolding is not generally made an extra charge with 
new work ; but witli old work it is, if scaffolding be neces- 
sary ; for, under ordinary circumstances, the plasterer is en- 
abled to wash, stop, and whiten the ceilings and walls of 
rooms from trestles, with boards laid across them. In lofly 
saloons and halls, churches, &c. scaffolding is indispensable, 
and must then be charged. A scaffold is necessary, too, to 
a front that is to be plastered in any way ; but it may be 
afterwards washed, repaired, and coloured, from a ladder, 
without the intervention of a scaffold. 

Slater. — The principle on which slates are laid is that 
which is employea in plain tiling. To a roof witli project- 



ins eaves, a wide board is placea over the raflers' feet ; but Building. 
when the eaves tail into gutters, the gutter-board is made 
wide enough to receive the eaves-course. For light slating 
it is necessary to board a roof all over. This is done by the 
carpenter, and is called sound-boarding; but for strong 
heavy slates, fillets or battens are better ; and these are laid 
by the slater himself, to suit the length of his slates. Three 
inches wide and one inch thick is a sufficient size for them, 
if the rafters be not more than twelve inches apart. Against 
cable or party-walls, a feather-edged board called a tilting 
fillet is laid to turn the water from tlie wall. 

Before he begins to work on a roof, the slater shapes and 
trims the slates on the ground. With a large knife or chop- 
per called a saixe, sax, or zax, he strikes off the unevenness 
on one side of a slate, making it as nearly straight as he can ; 
he then runs a gauge along it, marking the greatest width 
the slate will bear, and, cutting to that line, makes it per- 
fectly parallel. He next, with a square, bruigs the thioLest 
and best end to right ancles with the sides, generally by 
chopping, but sometimes by sawing ; and then marking up- 
ward from the squared foot or tail, makes two nail holes, 
where, by calculating the gauge the slate in hand will bear, 
he knows the batten must come. All the slates being thus 
gauged to width, dressed, and sorted in lengths, they are 
then taken up to the roof in rotation, beginning wiu the 
longest and largest for the lowest courses. The first 
course the slater lays is little more than half the length 
of that which is intended to cover it, and is necessary to 
break the joints at the eaves. This is called the doubling 
eaves-course; and the covering eaves-course is brought 
to the same foot line, completely to cover it. Then to as- 
certain the gauge : From the leneth <]^ the slate deduct the 
bond, which should never be less tnan two inches, and need 
not be more than three and a half inches, and the half of 
what remains will be the gauge. Thus, if the bond be fixed 
at three inches, and the slate is two feet three inches in 
length, the gauge will be one foot. This gauge or margin 
is set up from the foot of the eaves-course at each end, and 
a line strained to mark it along the whole length, and so on, 
to the ridge or top, where another half-course is reouired to 
complete the work, and that is in its turn secured by a co- 
vering of sheet lead. To a hipped roof care is taken to com- 
plete every course up to the angle, by cutting slates to fit 
its inclination ; and tnese are also covered by an overlap of 
sheet lead. In nailing a slate, it must not be stnunea or 
bent in the slightest degree, or it will certainly fly in some 
sudden atmospheric chimge, to which it u of course con- 
stantly liable, even if it escape fracture, from being trodden 
on by the workmen themselves or by others. Copper, being 
less liable to oxidise from exposure to common causes than 
any other metal that will answer the purpose, is generally 
used for slate nails. Zinc is also used for the purpose ; and 
iron tinned apd painted nails are sometimes substituted by 
dishonesty on the part of the workman or builder, or bad 
economy on that of the proprietor. 

A very light and neat covering is produced, by laying 
wide slates side by side, and covering tneir joints with nar- 
row slips bedded in putty, the ovenap at the ends being 
no more than the bona is with the usual mode. It is known 
as patent slating, &nd was introduced by the late Mr Wyatt, 
though he never obtained a patent fof' it. Indeed it is in 
principle tlie mode which was adopted in ancient Greece in 
covering the roofs of temples. Keither boards nor fillets 
are used, the slates bearing from rafter to rafter, and to the 
rafters the slates are screwed. The covering slips are also 
screwed, as well as bedded in putty. Slating of this kind 
may be laid at no greater elevation than ten degrees; 
whereas, for slating in the ordinary way, the angle should 
never be much less than twenty-five degrees, tliough large 
slates with a three and a half inch bond, carefully mid and 
pointed, may perhaps be trusted at a rise of twenty degrees. 
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Dulldtng. This mode of applying slate is not without the disadvantage 
^ ^ attending the fixing of any substance that freely takes up and 

readily parts with heat. In expanding and contracting, the 
joints are too often destroyed and leaks are the common 
consequence. 

The mode above described of ascertaining the gauge or 
margin by the bond, is equally applicable to every sort of 
roof-covering that is made up of nnall inflexible parallelo- 
gramic slabs or tablets; and it should be borne in mind that 
die greater the angle is at which the rafiers rise, or, in tech- 
nical language, the higher the pitch of the roof, the less the 
bond may be, and vice versa. With slabs or tablets that vary 
in length, too, as slates generally do in this country as they 
are brought to market, it is the bond which it is of impor- 
tance to observe ; but if they are of an invariable length, as 
tfles are, it is sufficient tliat the gauge or margin be attended to. 

The best slate this country produces is from the quarries 
of Bangor in Caernarvonshire, and of Kendal in Westmore- 
land. Good slate is also procured in the neighbourhood of 
Tavistock in Devonshire, and in some parts of Scotland. The 
scantlings of slate are cut in the quarries to set sizes, and 
these are split into tablets, thicker or thinner according to 
the size of the slab and the capacity of the slate ; for the in- 
ferior qualities are neither so compact in material, nor so 
clearly laminated or schistose, as the superior, and will not 
therefore rend so freely. The sizes of slates best known in 
the British market are distinguished by the names of ladies, 
countesses, duchesses, and queens. Ladies measure fifleen 
inches by eight, countesses twenty inches by ten, duchesses 
twenty-four indies by twelve, and queens thirty-six inches 
by twenty-four ; and they are esteemed in proportion to their 
magnitude. Besides these, there is a slate which equals the 

aueen in extent of surface, but is of very much greater 
Sickness ; this is called Welsh rag. A smaller slate, again, 
which is less indeed than the laify, and is cut from the re- 
fuse of laige scantlings, is called a double* In size it does 
not oflen exceed twelve inches by six. Westmoreland 
slates are thick and heavy like the Welsh rag, but do not 
generally run so large. 

The best slate is of a bluish-gray colour, and breaks be- 
fore the zax like well-burnt pottery, and will ring in the same 
manner on being struck. Whitish or light gray-coloured 
slate is for the most part stony : dark blue or blackish slate, 
on the other hand, cuts very freely ; but it absorbs moisture, 
and decays rapidly. 

Slater's work is measured by the square of a hundred su- 
perficial feet. In a parallelogramic piece of slating, as in a 
gabled roof with projecting eaves, the length along me eaves 
by the breadth or height uom that to the ridge, with the ad- 
dition to the latter cumension of the gauge or margin for 
doubling the eaves, will give the quantity of one side. Pro- 
jections for chimney-shafts or breasts, skylights, &c., must be 
deducted ; but an addition must be made of the run round 
them by six inches, for cutting and waste. In a hipped roof 
the length from point to point of the eaves on one of the 
k)ng sioes of a quadrilateral roof, by the breadth or height, 
with the addition as before, will give that side and half of 
each of the ends. The other side will, of course, in the 
same manner, include the other halves of the ends. The 
length of the hips taken as a superficial dimension in feet, or 
by twelve inches, is added for cutting and waste, and valleys 
ire taken and added in the same manner when they occur. 

Carpenter^ — ^For the scientific principles of carpentry we 
must mer the reader to the article under that head, and to the 
articles Roof, Strxnotb of Maiebials, and Timber. Here 
we have merely to speak of the practical details of carpenter's 
work in the operations of building,— of carpentering^ indeed, 
or tlie practice of carpentry, considering it as a mechanical art. 

The carpenter works in wood, which he receives from the 
sawyer in beams, scantlings and planks, or boards, which he 
tuts and combines into bond-timbers, wall-plates, floors, and 



roofs. He b distinguished from the joiner by his operations Boildiug. 
being directed to the mere carcass of a building, — to things v^^/-^^^^ 
whicn have reference to structure only. Almost everything 
the carpenter does in and to an edifice is absolutely neces- 
sary to its stability and efficiency, whereas the joiner does 
not begin his operations until the carcass is complete ; and 
every article of joiners' work might at any time be removed 
from a building without undermining it or afiecting its most 
important qualities. Certainly, in the practice of building, 
a few things do occur which it is difficult to determine to 
whose immediate province they belong ; but the distinction 
is nevertheless sufficiently broad for general purposes. The 
carpenter, with the bricklayer or mason, and some of the minor 
artificers, constructs the frame or hull ; and the joiner, with 
the plasterer and others, decorates and rigs the vessel : on 
the former the actual existence of the ship depends, and ou 
the latter depends her fitness for use. 

The carpenter frames or combines separate pieces of tim- 
ber by scarfing, notching, cogging, tenoning, pinning, and 
wedging ; and the tools he uses are the rule, the axe, the 
adze, the saw, the mallet, hammers, chisels, gouges, augers, 
hook-pins, a square, a bevel, a pair of compasses, and a 
gauge, together with the level and plumb-rule ; besides 
these, planes, gimlets, pincers, a sledge hammer, a maul or 
beetle, wedges, and a crow-bar, mav be considered useful 
auxiliaries, Uiough they are not absolutely necessary to the 
performance of works of carpentry. 

To scarf is to cut away equally from the ends, but on the 
opposite sides, of two pieces of timber, for the purpose of 
tying or connecting them lengthwise. This is done to wall- 
plates and bond-timber, and especially to beams when they 
are required of greater length than can be procured without 
joining. (See Cabpentrt.) The usual mode of scarfing 
bond and wall-plates is by cutting about three-fifUis through 
each piece on the upper face of the one and the under face 
of the other, about six or eight inches from the end, trans- 
versely, making what is technically termed a caff' or kerf^ 
and longrtudin^ly from the end, from two-fifUis down on 
the same side, so that the pieces lap together with a sort of 
half dovetail. The heavy supervening weight of the wall 
and joists renders it impossible that they should be drawn 
apart without tearing the fibres asunder or lifting the weight. 
(See fig. 20.) Nevertheless these joints are generally s|Hkied, PI. XL V. 
and it is always required that they be made to fall in or un- 
der a pier. Notching is either souare or dovetailed ; it is 
used in connecting the ends of waJl-plates and bond-timber 
at the angles, in letting joists down on beams or binders, 
purlines on principal rafiers, &c. Nos. 1, 2, 3, 4, and 5, fig. 
21, show varieties of notches applied as we have described. 
No. 1 b a simnle square notch or halving of the ends of bond- 
timbers or wall-plates at a right angle ; No. 2, a dovetailed 
notch. No. 3, the notch most commonly used ; it is simi- 
lar to No. 1, but that die ends are allowed to run on so that 
the one piece grasps the other, and each forms a cog to ihe 
other. No. 4 b an oblique-angled, dovetailed notoi ; and 
No. 6 shows how joists are notched or let down on beams 
and binders, and purlines on principal rafters. A notch is 
ait into the under edge of the joist or purline an inch or an 
inch and a half in depth, and considerably shorter than the 
beam, binder, or rafter is in thickness. Notches are also 
cut down on the upper angles of the bearing pieces as long 
as the rider is thick, as deep as the notch before described 
of the latter is, and so far in as to leave a thickness on its 
own edge equal to the length of the notch in the riding joist 
or purline. In the diagram one joist is indicated in its place 
let down in the notch, and another indicates the notch in 
its own edge, and leaves exposed the notches in the binder. 
Cogging, or corking, as it is vulgarly termed, b the last- 
mentioned species of notch extended on one side, and leav- 
ing a narrow tooth or cog alone in the bearing-piece flush 
with its upper fiu:e, No. 1, fig. 22. It b used prindfially in 
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Building, tailing joists and beams on wall and tem-plates, and the 
cos b here made narrower, because the end of the joist or 
ricter coming immediately beyond the plate, that part which 
forms the shoulder of the notch would be liable, on being 
strained, to be chipped off or torn away, if it were not kept 
as long as possible ; and it is not of so much importance to 
guard against weakening a wall-plate which is supported 
along its whole length, as a beam, binder, or principal rafter, 
which rests on distant points alone. No. 2 of the same dia* 
gram shows another mode of tailing on joists and beams by 
a dovetail notch, which, to distinguish it from the flat notches, 
Nos. 2 and 4, fig. 21, is called corking, or cogging also, 
though the operation certainly is not cogging. This is a 
eood mode if the timber be so well seasoned as not to be 
likely to sluink more ; but it would be improved by allowing 
the rider to take a bearing in a notch like that to No. 1 be- 
fore the dovetail commenced, as at No. 3, for in the ordi- 
nary mode it is weakened in a point of great importance. 

Tenoning implies mortising also, as a matter of course. 
They are the names of the two operations necessary to one 
result, — that of producing a connection between two pieces 
by inserting part of the end of one into a hole of similar size 
cut in the side or face of the other. A tenon b formed by 
catting in on each nde or edge of a piece of timber, near 
its euSf transversely, to a certain deptn, or rather, leaving a 
certain part of the breadth or depth uncut, land then cutting 
in longitudinally from the ends as far from each edge as the 
transverse cuts have been made in depth, thus removing two 
square prisms and leaving a third undivided. Thb is the 
tenon. An excavation in the side of a piece of timber, of 
a certain depth, in the direction of its thickness, parallel to 
its edges, and bounded lengthwbe by lines at right angles 
to them, b a mortise. Tenons and mortbes are made of 
exacdy corresponding size, and are most firequentiy at equal 
distances from one or the other side or edge of the two pieces 
to be conjoined ; and for the most part, too, every angle 
formed in the process of tenoning, both internal and exter- 
nal, is a right angle. Tenons are called joggles in some 
situations, when they are not intended to be borne upon ; 
and their use is merely to keep the piece of timber to which 
they belong steadily in its place, without being liable to slight 
accidents vrom lateral pressure or violence. In combining 
timbers by means of mortbes and tenons, to produce as great 
a degree of strength as possible, it must be obvious that the 
object to be kept in view b to maintain the end or tenon of 
the one as large and efficient as it may be, and weaken the 
other as littie as possible in forming the mortise. For the 
efficiency of the mortised piece in a horizon ral bearing, it is 
clear that as much of itb thickness should be below the mor- 
tise as possible, as at a, fig. 23 ;. for if it be put low, as at 6, 
the superincumbent weight on the tenon would more readily 
split or rend it in the direction of the gram, as indicated ; 
but the case b inverted witii the tenoned pieces. With the 
mortise at a the tenon could only have the efficacy of so 
much of the piece to which it belongs as there b of it above 
its under sunace, which is a very small part of its depth ; 
whereas with the tenon at b it would command the power 
of the greatest part of the depth. To guard as much as pos- 
sible against the danger of too great amortise and too small 
a tenon on one side and the other, and to obviate the diffi- 
culty arising from the efficiency of one or the other of the 
two pieces being affected by putting the tenon too high or 
too low, a compound, called a tusk tenon, b used for al- 
most all horizontal bearings of any importance, especially to 
joists and binders, to trimmers, beams, girders, brestsum- 
mers, &c. The body of the tenon in this b a littie above 
the middle of the end, and it runs out two, three, or four 
inches, or more, as the case may require. Below it the tusk 
protrudes, and above it the shoulder is cut down at an ob- 
tuse angle with the horizontal line, giving the strength of 
tlie whole depth of the timber above the under tusk to the 



tenon, and givmg it a bearing ic a shallow mortise, whibt a Bailding. 
greater deptli of the mortised piece than the tusk rests on ^"*^/'^*'^ 
receives the body of the tenon, and so protects its compara- 
tively narrow margin from undue pressure. The diagram 
No. 1, fig. 24, shows the tusk tenon, with the section of a 
beam into which it b mortised ; and No. 2 indicates per- 
spectively the i^pearance of the mortise in front. See abo 
Cabpentrt. 

Pinning b the insertion of nearly cylindrical pieces of 
wood or iron through a tenon, to detain it in the mortise, or 
prevent it from being drawn out by any ordinary force. For 
thb purpose the pin b inserted either in the body, or be- 
yona the thickness, of the mortised piece, as indicated at a, 
fig. 24, or at a, fiji^. 25, Wedging (see bb. No. 2, fig. 25) 
b the insertion of^ triangular prisms, whose converging sides 
are under an extremely acute angle^ into or by the end of a 
tenon, to make it fill the mortise so completely, or bind it 
so tighdy, that it cannot be easily withdrawn. The wedg- 
ing of tenons also assbts in restoring to the mortised piece 
of timber much of the strength it had lost by the excision 
of so much of its mass, which indeed the tenon itself does 
if it fit closely in every direction ; but the assistance of the 
wedTO renders the restoration more perfect than the tenon 
could be made to do of itself, by compressing the fibres ot 
both, longitudinally to those of the one, and transversely to 
those of the other, thus removing the tendency of the mor- 
tised piece to yield in any degree in the weakened part, 
though it cannot make up die loss in its tenacity occasioned 
by the scission of its fibres. 

In scarfing, cogging, and notching, the shoulders are al- 
ways cut in with the saw ; but the cheek b for the most 
part struck out with the mallet and chisel, or adze, as may 
be most convenient. Tenons should be niade entirely wim 
the saw ; mortises are generally bored at Uie ends with an 
auger whose diameter equab their thickness ; the interven- 
ing part b taken out with a wide chisel, cutting in the di- 
rection of the fibre ; and the ends are souared down with a 
chisel whose breadth just equals the thickness of the mor- 
tise. Wood pins must be rent to insure the equal tenacity 
of their whole mass. Wedges are cut with tne saw, but 
straight-grained stuff is always preferred for them. 

Bond-timbers and wall-plates should be carefully notched 
together at every angle and return, and scarfed at every 
longitudinal joint. The scarf shown at fig. 20 b sufficient 
for the purpose ; and the notch at No. 3, fig. 21, may be 
preferred where notching b required ; neither pinning nor 
nailing, however, can be of great use to either the notch or 
the sairf. Bond-timbers are passed along and through all 
openings, and are not cut out until such openings are to be 
permanentiy occupied, that is, windows with their sash- 
frames, {fee, because they assbt in preventing irregular set- 
tlements, by helping to carry the weight of a heavy part 
along the substruction generally, instead of allowing it to 
press unduly upon the part immediately under it. 

Whatever notches and cogs for beams and jobts are re- 
quired in wall and tem-plates, should be made before they 
are set on or in a wall ; for, as they are always bedded in 
mortar, anything that may break the set must be avoided. 

It b the duty of the carpenter to supply the briddayer or 
mason with wood bricks in sufficient quantity, and to direct 
him where they should be placed to receive the joiner's fit- 
tings, or the battening, whicn the carpenter himself may have 
to vut up for the plasterer. 

The named quartering partitions which may be required 
should be set up in every story before the beams and jobts 
of the floors are laid, that their horizontal timbers may be 
notched on to the wall-plates, and that the jobts or binders 
may be notched on to them if occasion require it ; but they 
should be fixed rather below than above the level of the 
wall-plates, because they are not liable to settle down so 
much as the walls, though even that will depend in a wmX 
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Building, degree on the nature of the walling, and its liability to 

>— v^*^ vield. 

The carpenter makes and fixes or sets centres or an kinds, 
whether for single arches, or niches* The striking out of 
the centres, in the first instance, is necessarily contingent 
on the arches to be turned on them, for the forms of which 
the carpenter must look to the bricklayer or mason, whose 
instructions for describing arches will be found under the 
head Stone-Masonrt. Xarge centres are fi-amed in dis- 
tinct ribs, and are connected by horizontal ties; whilst 
small ones are made of mere boards cut to the required 
sweeps nailed together, and connected by battens notched 
mto or nailed on their edges. Precision and stability are 
nevertheless equally and absolutely necessary, as it is im- 
possible for an arch to be turned or set correctly on an in- 
correct or unstable centre. 

The timbers or fi-ame-work of floors is called naked floor- 
ing, and it b distinguished as single, double, and framed. 
Of these the first, under ordinary circumstances, is the 

PI. XLVr. strongest. Single flooring (See No. 1 and 2, fig. 29) con- 
sists of one row or tier of joists alone, bearing from one 
wall or partition to another, without any intermediate sup- 
port, receiving the flooring boards on the upper surfiu;e or 
edges of the joists, and the ceiling, if there be one, on the 
lower. Joists in single floors should never be less than two 
inches in thickness, because of their liability to be split by 
the brads or nails of the boards if they are thinner ; and 
they should never be much more, because of the keying of 
the ceiling, which is injuriously afiected by great thickness 
of the jobts. Twelve inches from joist to joist is the dis- 
tance generally allowed; that dimension, however, from 
centre to centre of the joists would be better. Strength to 
almost any extent may be given by adding to the depth of 
the joists, and diminishing die distance between them; and 
they may be made firm, and be prevented from buckling or 
twisting, by putting struts between them. These struts are 
short pieces of batten, which should not be less 
than an inch, and need not be more than an inch 
and a half thick, and tliree or four inches wide, 
placed diagonally between the joists, to which 
they are nailed, in a double series, or crossing, as indicated 
by the full and dotted lines in the diagram, fig. 26; and they 
should be made to range in a right line, that none of their 
effect may be lost ; and these ranges or rows should be re- 
peated at intervals not exceeding five or six feet. The 
struts should be cut at the ends with exactly the same in- 
clination or bevel, to fit closely. Great care should be 
taken, too, not to split the struts in idling ; but the trouble 
of boring with a gimlet is saved by making a slight nick or 
incision with a wide-set saw for each nau, of which there 
should not be less than two at each end; and the nails used 
should be clasp-nails. If the struts were 
notched into the joists, it would add very 
materially to their efficiency, but perhaps not 
in proportion to the adcfitbnal labour it would 
mvolve. This strutting should be done to 
single flooring under any circumstances, as it adds mate- 
rially to its firmness, and indeed to its strength, by making 
the joists transmit any stress or pressure from one to ano- 
ther. The efficiency of single flooring is materially affected 
by the necessity which constantly occurs in practice of 
trimming round fire-places and flues, and across vacuities. 
Trimming is a mode of supporting the end of a joist by 
tenoning it into a piece of timber crossing it, and called a 
trimmer, instead of running it on or into the wall which 
supports the ends of the other joists generally. A trimmer 
requires for the most part to be carried or supported at one 
or both of its ends by some of the joists, which are called 
trimmine joists, and are necessarily made stouter than if 
they haa to bear no more than their own share of the stress. 
CociuQonly it is found enough to make the trimmers and 





trimming joists firom half an incu to an inch thicker than Bailding 
common jobts. In trimming, tusk tenons should be used ; 
and the long tongue or main body of the tenon should run 
not less than two inches through, and be draw-pinned, and 
wedged, moreover, if it do not completely fill the mortise 
in the direction of the leneth of the latter. The principal 
objection, however, to single flooring is, that sound reaoily 
passes through, the attachment of the boards above and ot 
the ceiling below being to the same joints throughout. 
Another objection, and one already referred to, b the ne- 
cessity of making the joists so thin, not to injure the ceil- 
ings, that they with difficulty receive the flooring brads in 
their upper edges without splitting. A partial remedy for 
both these di^vantages b found in a mode sometimes 
adopted of making every third or fourth jobt an inch or an 
inch and a half deeper than the intervening jobts ; and to 
these, ceiling jobts are notched and nailed, or nailed alone, 
as shown in the diagram, fig. 26. This, by diminishing the 
number of points of contact between the upper and lower 
sur&ce, for ^e ceiling joists must be carefully kept firom 
touching the shallower joists of the floor, is less apt to con- 
vey sound from one story to another, and allows conve- 
niently thin jobts to be used for the ceiling without affect- 
ing those of the floor. 

Double flooring (see sections No. 1 and 2, fig. 27, and 
plan No. 3, fiz. 29) consbts of three distinct series of jobts, 
which are called binding, bridging, and ceiling jobts. The 
binders in thb are the real support of the floor ; they run 
from wall to wall, and carry the bridging joists above and 
the ceiling joists below them. Bincfers need not be less 
and should not be much more than six feet apart, that is, 
if ibe bridging or flooring joists are not inordinately weak. 
The bridging jobts form the upper tier, and are notched 
down on die binders with the notch shown at No. 5, fig. 21, 
The ceiling jobts range under the binders, and are notched 
and nailed as shown at No. 1, fig. 27 ; but the notch must 
be taken endrely out of the ceiling joists, for the lower face 
or edge of the binder may not be wounded by any means 
or on any account, and moreover no eood would be gained 
in any other respect by doing so. When it b an object to 
save height in the depth or thickness of thb species of floor, 
the ceiling joists may be tenoned into the binders, instead 
of being nailed on to them ; in thb case the latter must be 
chase-mortbed on one side, for the convenience of receiv- 
ing the former when they are themselves set and fixed. A 
chase b a long wedge-formed move of the breadth or 
thickness of the mortise, of whi(£ it b indeed an elonga- 
don, so that the tenon at one ^ 

end of a ceiling iobt being in- aSS^^. 
serted in the regular mortise in 
the binder prepared for it, that 

at the other end b driven along the chase up to its place in 
the mortise in the next binder. When ceiling joists are 
thus chase-mordsed, dieir lower or under &ces are fdlowed 
to come a little below the under face of the binders, and 
the space across b firred down by slips not wider than the 
ceiling joists are thick. No. 2, ng. 27, shows a transverse 
compartment, or bay, of a floor in this manner ; but it b 
not so good a one as the preceding ; for, besides weakening 
the binders, by cutdng so many mordses and chases in 
them, it b almost impossible to give the ceiling floor the de- 
gree of firmness and consistency it possesses in the other 
way, besides requiring the fimng down on the binders. 
The same space would be better gained by cutdng the 
bridging joists so much lower down ; as they may, with the 
sort of notch indicated above, be let down fully half their 
depth without great injury to either bridging jobts or 
binder, for they can always be made to fit dghtly or firmly, 
and very litde more labour b involved in notching deeply 
than sliehdy. 

Flooring b said to be framed when girders are used to- 




158 



BUILDING. 



Building, gether with bindinff, bridging, and celling joists. (See sec- 
tions No. 1 and 2» fig. 28, and plan No. 4, fig. 29.) Girders 
are large beams, in one or more pieces, according to the 
length required, and the size and strength of which timber 
can be procured. They are intended fisr longer bearings 
than mere binders may be trusted at, and may be strength- 
ened to almost any extent by trussing ; but to be efficient, 
the height of the truss must always be greater than the 
depth of the beam itself, and the strength is increased by 
extending that height as the space or bearine increases. A 
truss is indeed a wooden arch, whose lateral thrust will of 
course be greater the smaller the angle subtended by it, and 
vice verscu It has been a commonly received opinion, that 
a truss within the depth of a girder adds materially to its 
strength ; but experiments have proved that very little ad- 
vantage is gained by such a one when executed in the best 
manner, and that, badly executed, the beam or girder is 
weaker with the truss than without it. Binders are made 
dependent on the girders by means of double tusk tenons, 
and on and to them the bridging and ceiling joists are at- 
tached in the manner before described. No. ], fig. 28, 
shows the transverse section of a compartment or bay of a 
firamed floor ; No. 2 the same longituainally of the girder, 
and of the bridging and ceiling joists, and transversely of 
the binders. No. I, fig. 29, is the plan of a single floor of 
joists tailing in on wall-plates with two chains of struts, and 
trimmed to a fire-place. No. 2 is a floor similar to No. 1, 
with ceiling joists nailed to deeper flooring joists at inter- 
vals, as shown in fig. 26. No. 3 is the plan of a double 
floor; and No. 4 is that of a fi-amed floor of joists, bays of 
which are shonni in section at figs. 27 and 28. It is to be 
observed, however, with reference to the diagram No. 1, 
fig. 28, that binders ought not to be filmed into the girders 
opposite to one another, as they are here shown to be as 
a matter of convenience, since the girder is unduly weakened 
by being mortised on both sides at the same place. Cast- 
iron shoes render mortising the one forming a tenon upon 
the other almost unnecessary ; and in like manner cast-iron 
shoes laid into a wall upon stone tem-plates give a good 
and safe bearing to the girders ; but it is not everywhere 
that cast-iron shoes are attainable, and mortises and tenons 
may be made anywhere. 

Partitions of timber are called quartering partitions, and 
they are generally fitimed. Common quartering partitions 
which rest on a wall or floor, and have nothing to carry, con- 
sist merely of a sill, a head, and common uprights to re- 
ceive the lath for plastering : these last may be simply jog- 
gled or tenoned into the head and sill, in the manner i^own 
at c, fig. 23, and stiffened by struts or stretching pieces put 
between them and nailed. When, however, a quartering 
partition is over a vacuity, or rests only on certain points, and 
has, moreover, to sustain a weight, a floor perchance, it is 
framed and tnissed with king or queen posts and trussing 
pieces as to the tie beam of a roof; and the filling in of 
common uprights or quarters for the laths is generafly per- 
formed by joggling tliem at one end into either head or sill, 
and nailin? Uiem securely to the trussing pieces. In tlie 
diagram No. 1, fig. 30, it is supposed wkt an opening or 
doorway is to be made in the partition, so that the timbers 
of the truss are placed arouna it with aueen-posts, and a 
small internal truss is put over the door-head to prevent it 
from sagging, and to carry the long part of the partition, 
which we supposed required to bear a floor, so that the par- 
tition acts also, in fact, the part of a trussed girder in tlie 
most available form. No. 2 presents another method of 
framing a similar partition. 

Shoring or propping up walls or floors, or it may be a 
whole building, b done by the carpenter. In appearance it 
is a simple operation, and under ordinary circumstances it 
really is so ; but nevertheless it oflen demands the exercise 
of considerable skill and tact to determine and to counteract 



the tendency the part or thing to be supported has m one Bailding. 
direction or another. 

Pu^ng floors, fining down joists, and bracketing and 
cradling for plastering, and some other things, are opera- 
tions performed indifierently by the carpenter or the joiner, 
as less or greater precision is required in the performance. 

The labour of carpenter's work is valued by the square of 
one hundred superficial feet whenever it will admit of being 
so measured, and the timber is as generally valued by the 
cubic foot. It is customary for the carpenter's work to be 
measured at the same time with the walls and roof covering, 
or when the carcass of a building is completed, and before 
the joiner and plasterer commence their operations ; for then 
the work is still exposed, and may be fully and correctly 
ascertained, whereas much must be taken on trust if the 
measurement be deferred until the works are completely 
finished. 

Bond timber, wood bricks, and wall and tem-plates, are 
taken under the same head, and are reduced to cubic feet 
of timber at so much per foot, including the labour of every 
kind on it The naked flooring is taken on the surface from 
wall to wall, with a description of the nature of it, whether 
it be single, double, or framed — ^if trimmed to chimneys, 
party walk, st^rs, or anything else — ^if notched or cogged 
to wall-plates and partition heads — the number and size of 
the large ambers, ceiling joists as notched and nailed to 
widl-plates, and as framea or notched and nailed to binders 
or common joists ; and everything indeed that affects the 
quantity of labour required in forming it The superficial 
feet are reduced to squares for the labour and nails involved 
and used in forming and fixing or setting the floors. The 
timbers of which the flooring is composed are then taken in 
detail and in cubic quantities, and are said to be without la- 
bour, or with no labour. Roofing is measured in the same 
manner, by the superficial square, for labour and nails, taken 
on the common raflers from ri<^e to heel ; the length of a 
rafler by the length of the roof for one side of a common 
span, and repeated or doubled for the other, noting also a 
dfescription of the roof, whetlier it be lean-to or shed roofing, 
if on purlines and with struts; common span-roofing; curb 
roofing; span roofing with purlines and collar beams, strutted 
or otherwise, from walls or partitions; span roofing with 
framed principals, tie-beams, king-posts or queen-posts, 
straining beam, straining sill, struts, purlines, pole-plates, and 
so on or as the case may be, and this too for labour and 
nails. All the timbers are then taken, measuring every one 
to the extent of any tenon or tenons at its ends, in cubic 
quantities also, and as without labour. Bolts, bars, straps, 
stirrups, &c. are taken separately, and their dimenstons noted 
from which to ascertain their weight Gutter-boards and 
bearers are measured and valued by the foot superficial, ac- 
cording to thickness of the former. Rough boarding for 
lead on flats, and sound boarding for slates or lead, are taken 
superficially, and reduced into squares. Centring to vaults 
is measured on the periphery of the arch, or round back of 
the centre, for the breadth, by the length, and is valued by 
the square ; to apertures in the thickness of walls, by the 
foot, and to camber-arches, by number, so much a piece. 
Quartering partitions are measured by the square for labour 
and nails, and the material is taken by the cubic foot 
Battening to walls is also measured by the square, but the 
stuff is generally included with the lsix>ur, as in boarding. 
Cradling and bracketing is valued by the foot superficial, 
and with reference to the quantity of stuff required or worked 
up. Any planing that may have been necessary, and it will 
happen at times on beams, joists, &c. when it is not intended 
to have a ceiling under the floor, Is charged by the foot on 
the surface, and any beading or other moulding by the foot 
running. 

It sometimes happens that a superficial quantity for labour 
and nails on firamed timber cannot be obtained ; in that case 
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Build iug. cae omoer is measured by the cubic foot as framed, or with 
the labour of framing included with its own cost, &c. In 
this case, however, it is necessary to make a distinction be- 
tween one quantity and another, as the labour employed 
upon an equal quantity of stuff in framing some parts of a 
roof is much greater than is required in most floors. Many 
thingSy such as strong door and window frames, that are to 
be worked into the walls, story-posts, brestsummers, && 
are always taken as framed timber, with any addition that 
may occur of wrought, rebated, beaded, &&, as the case 
may be* 

The price or value to be attached to the varieties of car- 
penter's work depends almost as much on the degree of 
hardness of the timber employed, as on its cost What the 
timber itself should be charged at may be thus determined. 
To its price in the gross at the timber merchant's must be 
added the cost of carriage to the spot where it is to be em- 
ployed, which will be so much the load of fifly cubic feet, or 
so much per foot ; then to the cost of each cubic foot of 
timber add the price of four superficial feet of sawing, which 
will form a fair average for the variously sized scantlings, 
and one-eighth of the increased amount to it as an allowance 
for waste in cutting up and working. This gives the actual 
cost, to the builder, of the timber as it is worked up ; and if 
it is to be charged as with no labour, his profit and remune- 
ration for his own labour of superintending, &c., alone re- 
noain to be included. If, however, labour of any kind is to 
be charged with the stuff, it should be added first, and the 
builder's profit, &C., taken on both, or on the increased 
amount for the price per foot. The cost of labour depends 
so much upon such a variety of circumstances, that it is im- 
possible to aid the inquirer materially in apportioning prices 
for the various operations. In this, as in other things, it is 
well, when the parties are not otherwise qualified to deter- 
mine a scale of charges, to observe the time a man or a cer- 
tain number of men are employed in executing so much 
work of a certain description^ and compare the quantity by 
measurement with the time employed in executing it, or 
rather with the wages of the workmen for the time. In 
fixing a price for labour in carpenter's work, the size of the 
timbers, and the heights they have to be hoisted, together 
with such scafibldine and machinery for hoisting as may be 
found necessary, if uie timbers be heavy, and the height and 
expense great, must be considered. As the timber used in 
shoring is not consumed, a charge is made for use and waste 
to the amount of one-third of its value if it be much cut up, 
and one-fourth if but little, in addition to the labour of set- 
ting up and taking down, whatever that may be. 

J&iner. — ^The principles of joinery also will be found in an 
article under that head in another part of this work ; here we 
have merely to do with the modes of operation, and the tools 
emjiloyed by the workman, together with the manner of esti- 
mating or ascertaining the value of his work. 

The distinction between the operations of the carpenter and 
the loiner is shown at the beginning of the preceding section 
on the trade of the former. A man may be a good carpenter 
without being a joiner at all ; but he cannot be a joiner with< 
out being competent, at least, to all the operations required 
in carpentry. It is, indeed, very tmlv remarked in the article 
JoiNXRT, ''that the rough labour of the carpenter renders him 
in some deffree unfit to produce that accurate and neat work- 
manship which is expected from a modem joiner ;" but it is 
no less U*ue that the habit of neatness and the great precision 
of the joiner, make him a much slower and less profitable 
workman than the practised carpenter, in works of carpentry. 

The joiner operates on battens, boards, and planks, with 
saws, planes, chisels, gouges, hatchet, adze, ^imblets, and other 
boring instruments, which are aided and directed by chalked 
lines, gBU^, squares, hammers, mallets, and a great many 
other less important tools : and his operations are principally 
sawing and planing in all their extensive varieties, setting 
out, mortisinff, dovetailing, &c. A great range of other opera- 
tions, none of whieh can be called unimpoHant, such as paring, 



gluing up, wedging, pinning, fixing, fitting, and hanging, and Boilding. 
many thmgs brides which depend on nailing, die., such as 
laying floors, boarding ceilings, wainscotting walls, bracket- 
ing, cradling, fiering, and the like. In addition to the wood 
on which the joiner works, he requires also glue, nails, brads, 
screws, and hinges, and acoessorily he applies bolts, locks, 
bars, and other fastenings, togetiier with puUeys, lines, 
weights, white-lead, hold-faste, wall-hooks, &c. etc 

Mttcois are narrow boards running from half an inch to an 
inch and a half or two inches thick, and firom three to six or 
seven inches wide. A piece of stuff of too small a scantling 
to be a batten is called a fillet. The term board is applied to 
sawed stuff when ite width exceeds that of a batten, and its 
thickness does not exceed two inches or two inches and a 
half. The term plank is applied to large pieces of stuff 
whose width is great in proportion to their thickness, and 
whose thickness nevertheless does not exceed three or four 
inches. In London these terms are used in much more 
restricted senses than they are here described to mean, be- 
cause of the fixed and regular sizes and forms in which stuff 
for the joiner's use is for the most part brought to market 
there. A batten, to a London joiner, is a fine flooring board 
firom an inch to an inch and a half in thickness, and lust seven 
inches wide. A board is a piece cut from the thickness of a 
deal whose width is exactly nine inches; and everything, 
almost above that width, and not large enough to be called a 
scantiing of timber, is a plank. 

The joiners' work for a house is for the most part prepared 
at the shop, where every convenience mav be supposed to exist 
for doin'g everything in the best and reaaiest manner ; so that 
little remains to be aone when the carcass is readv, but fit, ILx, 
and hang, that is, after the floors are laid. The sashes and 
frames, the shutters, back flaps, backs, backs and elbows, 
soffits, grounds, doors, &o., are aU framed and put together, 
that is, wedged up and cleaned off, at the shop ; the flooring 
boards are prepc^ed, that is, faced, shot, and gauged with a 
fillister rebate ; and all the architraves, pilasters, jamb linings, 
skirtings, mouldings, &c., are all got out, that is, tried up, re- 
bated, and moulded, at the shop. 

When the carcass of a buHdmg is ready for the joiner, the 
first thing to be done is to cut the bond timber out of the open- 
ings, set the sash frames, and fill them with old sashes or with 
oiled paper on frames, to exclude the weather, but admit light. 
The flooring joists are then proved with straight-edges, and 
any inequalities in them are removed with the adie ; the floor- 
ing boards are next cut down to their places, and thev are 
turned with their faces downwards until the ceilings are done ; 
but first the pugging floors, if any are intended, are formed, 
and the pugged day is put in on them. Floors are in ordinary 
cases either straight joint or folding, and are edge or face 
nailed. Folding floors are those in which three, four, or ^ve 
boards are laid at a time, with their heading joints all on the 
same joist, and of course in the same straight line. In laying 
them, one board being firmly nailed to the joiste at the ex- 
tremity of the fioor, another is laid parallel to it at the dis- 
tance of the width of three or four others, or rather within 
their width, and these are then forced down and nailed, the 
forcing having brought all the joints up close. This is a bad 
mode, however, and should never been used. Straight joint 
fiooring is when every board is laid separately, or one at a 
time, the heading joint or jointe being broken or covered re- 
gularly in every case. Straight joint fiooring ma^ be with 
square jointe, when it is entirely face nailed, or it may be 
dowelled or tongued, when it is side or edge nailed onlv. 
Dowelling is the driving pins of wood or iron luilf their length , 
into the edge of the last laid board, the outer edge of which 
has been skew-nailed, their other ends running into holes pre- 
pared for them in the inner edge of tiie next Iward, in the way 
the head of a cask la held together, and then ite outer edge is 
skew-nailed in the same manner, and so on. Tongueing is 
effected by grooving both edges of every board, and fittmg 
thin slips and tongues into them, as described in the article 
JoiNBXT. The bouds are forced tofi^ther by pressure applied 
to the outer edge. The nail used in face-nailing fioors is called 
a flooring brad ; it has no head, but a mere tongue projecting 
on one side of the top of the nail, which is put in the direction 
of the grain, that it may admit of being punched in below the 
surface level, otherwise the superficial mequallties could not 
be reduce when the floor was completed, because of the pro- 
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Building, jecting heads of the nails. For side or edge nailing, however, 
s«»^^^«^^ elasp-nails, nails whose heads extend across on two of the oppo- 
site sides, are used. 

Another early operation the joiner has to attend to, is the 
fixing of the framed door and window and the narrow skirting 
PlntA grounds (see ^f. 35) to which the plasterers may float thoir 
XL VII. work. The slurtinff ^rounds are generally dovetailed at the 
angles, and are well blocked out, so that they may not vibrate 
on being struck, or yield to pressure when the plasterer s 
straight-edge passes roughly over their surface ; they must 
also be set with the utmost truth and precision. When the 
floors are cut down and the grounds fixed, the joiner's opera- 
tions in a building should be suspended until the plasterers 
have finished, or nearly so, and then the floors may be laid. 
By deferring this operation until that period, the workmen of 
the two difierent trades are prevented £rom interrupting each 
other, and indeed injuring each other's work ; and joiners 
always find employment in the shop preparing, as before in- 
timated. 

The preparation flooring boards receive, is planing on the 
face, shooting on the edges, and gauging to a thickness ; the 
common fillister, or stop rebate plane, being used to work 
down to the gauge mark, from the back of every board, and 
about half an inch in on each edge. When a board is to be 
laid, it is turned on its face in the place it is to occupy, and 
the workman with his adze cuts away from the bai*k over eveir 
joist down to the gauge rebate, so that on being turned over it 
falls exactly into its place, and takes the same level with all 
its fellows, which have been brought to the same gauge ; then 
follows the process of laying as before described, and the result 
must, if the work be done well, be a perfectly even and level 
surface. The slight inequalities of surface which may occur 
are reduced with a smooth ing-plane, the brads being previ- 
ously punched below the surface if the floor be face-nailed. 
8ee the article Joinery, sections 35 and 36. 

In TOtting out skirtings, if the work be of a superior de- 
scription, the boards should be tried up as if for nraming in 
every particular except bringing to a width, which need not 
be done. The face edges, however, must be worked with great 
precision, and moulded or rebated as the case may require, 
debating or tongueing will be necessary when the skming 
consists of more than one piece, that the different pieces may 
be made to fit neatly and firmly together ; and all but the 
lowest piece must of necessity be brought to a width, as well 
as tried up in other particulars. A skirting in a single width 
is called by that term ; but when it is made up of more than 
one part it is designated a base : the lowest board is then 
oaUea the skirting £>ard, and the upper the base moulding or 
mouldings. (Figs. 31 and 35.) The reason why the skirting 
board is not brought to a width is, that the labour would be 
lost according to the ordinary mode of fixing it. The board 
is applied to its place with its lower edge touching the floor ; 
but as the most perfectly wrought floors are found to have 
some slight uncvenness of surface so close to the wall, a 
straight ed^se would not fit closely down to it in every part. 
The board is therefore propped up at one end or the other 
until the upper or faced eage is perfectly parallel with the 
average line of the floor, or rather to be perfectly level. A 
pair of strong compasses, such as those usea by the carpenter, 
IS taken, and opened to the greatest distance the lower edge of 
the skirting board is from the floor throughout its length ; the 
outer edge, near the point of one leg of the compasses, is then 
drawn alonff the floor, whilst the point of the other, being kept 
vertically above it, is pressed against the face of the boud, on 
which it marks a line exactly parallel to the surface of the 
floor, indicating, of course, every, even the slightest irregula- 
rity there may be in it. If the floor be not a very uneven 
one, the excluded part may be ripped off with the hand or the 
panel saw, whidi may generally be made to follow the traced 
or inscribed line exactly ; if, however, the line be a very irre- 
gular one, having quick turns in it, the hatchet must be used. 
This operation is called scribing^ and the result of it is evi- 
dently to make the skirting fit down on the floor with the 
utmost precision. Care must be taken, in performing the 
operation, that the upper edges of the skirtings be not only 
level, but that all which are in immediate connection be scribed 
to the same height, that their upper edges may exactly corre- 
spond. Sometimes skirtings are let into a groove in the floor, 
OS indicated in the disgram, fig. 35, and thus a slight degree 



of shrinking is made of less importance, and scribing rendered Doilding. 

unnecessary. Before skirtings are fixed, vertical blocks are 

put at short intervals, extending from the floor to the narrow 

grounds, and made exactly flush with and true to the latter, 

and are firmly nailed. These form a sound backing, to which 

the skirting may be bradded or nailed ; and so prevent them 

from warping or bending in any manner. If, however, the 

skirting be not very wide, and be sufliciently stout to stand 

without a backing, a fillet only is nailed along the floor 

as a stop for its lower edge ; but this is rendered unneces- 

sarv if the skirting be tongued into the floor, as the tongue 

will answer every purpose of a stop. The ends of skirt* 

ings^ should be tongued into each otner when it is neoessaiy 

to piece them in length ; and on returns or angles the end 

of one shouM be tongued into the returned face of the other 

in the square parts,and mitred in the oblique-angled or moulded 

parts. 

When a chair-rail or surbase is required, grounds similar to 
those for the base are fixed to range like them with the face of 
the plastering ; the surbase itseUf must be wide enough to 
oover the grounds and the joints formed by them and the 
plastering, completely ; it is in effect a cornice to the stereo- 
bate and the space intervening it and the base is generally 
understood to be wainsootted, though it is more frequently 
plastered. 

In framing or firamed work, the outer vertical bars which 
are mortised are called styles ; and the transverse, those on 
whose ends the tenons are formed, are called rails. (Fig. 32.) 
In doors, particularly, the open spaces or squares formed in- 
ternally by the rails and styles are divided in the width by 
bars paraUel to the styles. These are tenoned into the raiL^ 
and are called mountings, or, vulgarly, muntim. The frame 
being formed by trying up, setting up, mortising, and tenon- 
ing, the inner or face edges of the styles, and of the highest 
and lowest rails, and both edges of the muntins and of the in- 
ner rails, are grooved with the plough to receive the edges and 
ends of the filling-in parts, or panels of the fVame-work. Panels 
are either flat, raised, or flush. (Fig. 33.) Flat panc^ are no 
thicker than the grooves into which they are fitted, and conse- 
quently their faces are as much below the suHace of the framing 
as the groove is in from each side of the styles and raib. Raised 
panels are thicker than the groove in the framing, but are not so 
thick as to reach the surface ; nor is the panel thickened through 
its whole extent. It fits exactly into the groove, and thidc- 
ens graduallv for an inch or two, and then sets off at a right 
angle with the surface, increasing suddenly three or four six- 
teenths of an inch. A panel may be raised on one side only, 
or on both sides. Flush panels are rebated down from one 
face to the distance the plough groove is in from the surface of 
the framing ; and the back of a panel thus rebated on one side 
is worked down to be even with the other edge of the groove, 
leaving a tongue to fit it exactly ; for if it be required to 
make panels flush on both sides, it is generally effected by 
filling in on the back or flattened side with an extraneous 
piece. Framing is not, however, often finished in the man- 
ner above described, especially with raised and flush panels ; 
mouldings are generally introduced, and are either struck or 
worked m the solid substance of the framing, or in separate 
pieces or slips, and laid in with brads. If a moulding be struck 
or laid in on one side only, and the other is left plain, the fram- 
ing is described as moulded and square, a flat panel being in 
that case understood; if the panel oe ndsed the framing will 
be described as moulded with a raised panel on one side, and 
square or flush on the other. It mav be moulded with a flat 
panel, or moulded with a raised panel, on both sides ; and the 
moulding may, as before intimated, be either struck in the so- 
lid, or laid in any of the preceding cases. Mouldings which 
are laid in round the panels of framing are neatly mitred at 
Uie angles, and bradded, to appear as much as possible as if 
they were struck in the solid. In nailing or bradding the 
mouldings, the brads should be driven into the frame-work, and 
not- into the panels. With a flush panel, however, the 
moulding is always either a bead, or a series of beads called 
reeds ; and is, in the case of a single bead, which is most com - 
mon, always struck on the solid frame, and the work is called 
bead-flush ; but reeds are generally struck on the panel 
in the direction of the grain, and laid in on the panel across 
it, or along the ends ; this is termed reed-flush. Flush 
panels in mferior works have a single bead struck on their 
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Building. sMes in the direetion of the grain alone, the ends abutting put in behind the sash to detain it. Sashes hong with hinges Building 

plainly, as in the first diagram of a flush panel, and this is require solid rebated frames; but there can be no stops to them 

termed bead-butt, the fact that the panels are flush being in- except their own moveable fastenings, and the outer stop, 

ferred. The plainest quality of framing, in which it is square which of (H)ur8e the rebate furnishes. Sashes hung with lines 



require eased firames to receiye the pulleys and weights. The 
sill of the frame is made, as in tlie former cases, solid, is sunk 



on both sides, is used in the fittings of inferior bed-rooms, 

inner closets, and the plainer domestic ofllces, but always in- , , , 

temally ; framing moulded on one or both sides, in rooms and and weathered, and is generally made of a more durable ma- 
plaoes of a greater degree of importance, and in places where terial than the rest of the firame ; the sides in the direction of 
the work may be more generally seen ; in some cases a flat the thickness of the fhune are of one and a quarter or one and 
panel may be enriched by a small moulding laid on its surface, a half inch board, very truly tried up, and grooved to receive 
leaving a margin between it and the larger moulding at its ex- a parting bead ; for it must be obvious that sashes hung with 
tremities ; this may be done in drawing-rooms and apartments lines to run vertically up and down within Uie height of the 
of that class, especially if they be in an upper stor^ ; and frame must be themselves in two heights, and must pass each 
xaised panels should be confined to the framed fittings of other in two separate and distinct channels. The ends of these 
dining-rooms and other apartments on a ground or principal boards are fixed into the upper face of the solid sill below, 
story. Framing with flu^ panels is almost restricted to ex- and into a similar board parallel to the sill which forms a head 
temal doors, &c., one side of a door being bead-flush, and the above ; and they are called pulley pieces, or styles, because 
other flat and moulded, perhaps, or the face may be moulded they receive the pulleys, which are let into them near their 
with a raised panel, ana the back-bead flush ; and this for upper ends. Linings f^om four to six inches in width, and 
principal entrances. Bead-butt framing is found in external from three-fourths of an inch to an inch in thickness, are nailed 
doors to offices, &c. Doors are made four-panelled for the on to the edges of the pulley pieces, and to the sill and head 
most part when the panels are flat and the framing square, above and below, inside and outside in the direction of the 
six-panelled when the latter is moulded, and six, eight, or even breadth of the sash frame, and are returned along the head in 
ten panelled when the framing is of the superior descriptions, the direction of its length. The outside linings are made to 
Doors which are hung in two equal widths to occupy the door- extend within the pulley pieces about half an mch, to form a 
way, and are hung to the opposite side posts or jambs of the stop for the upper and outer sash ; and the inside linings are 
frame, are said to be double-margined ; that is, the styles or made exactly flush with their inner faces. The casing is corn- 
margins are repeated necessarily in the middle where they pleted by fixing thin linings on to the outer e^ges ot the out- 
meet. Doorways are fitted with jamb linings, and architraves side and inside linings, parallel to the pulley pieces, to prevent 
or pilasters. Jamb linings may be framed to correspond with any thing from impMing the weights. Thm slips called part- 
the door on the outer faces ; and when they exce^ nine or ing beads are fitted tightly into the grooves previously noticed 
ten indies in width tiiey should always be so, or they may be in the pulley pieces, but they are not fixed, as the upper sash 
solid. Narrow and plain jamb linings to inferior rooms are can be put m or taken out only by the temporary removal of 
rebated on one side only, and the rebate forms the frtune into the parting bead. An inner or stop bead is mitred round on 
which the door is fitted. To superior work they are rebated the mside to complete the groove or channel for the lower 
on both sides, as if it were intended to put a door on each side, sash ; the stop bead covers the edge of the inside linings on 
The jambs are fixed to tiie inner edges of the grounds ; and if the sides and head, and is fixed by means of screws, which may 
they are wide, and not framed, bakings are put across to be removed without violence when it is required to put in or 
stiffen tiiem ; and these backings are dovetailed mto the edges take out the sashes. A hole covered with a moveable piece, 
of the grounds. Architraves and pilasters are variously sunk large enough to allow the lead or iron weight to pass in and 
and moulded, according to the fancy of the designer. They out, is made in each of the pulley pieces, so that the sashes 
are fixed to the grounds with their internal edges exactly fit- may be hong after the frames are set, and to repair any aoci- 
ting to the rebates in the jambs, and the^ form the enriched dent that may occur to the hangings in afler^use. (Fig. 84.) 
margin or mouldmg of the frame in which the door is set. It may be here remarked, that sash-frames require greater 
Architraves are mitred at the upper angle, but pilasters have truth and precision from tiie workman than an^^ing else in 
generally a console or an enriched block or cap resting on the joiners' work of a building ; and unless the stuff employed 
them, to which they fit with a square joint ; both the one and be quite sound and perfectly seasoned, all the worknuurs care 
the other either run down and are scnbed to the floor, or rest in operating will be thrown away. The fittings of a window 
on squared blocks or bases, which may be the height of the which has boxed shutters consist of back linings, grounds, back, 
skirting board, or of the whole base. elbows and soffit, together with shutters and Mck flaps, and 
The parts of the outside frame of a sash are distinguished by architraves or pilasters round on the inside to form a moulded 
the terms applied to the similar parts of common framing, frame. (Figs. 31 and 34.) Back linings are ^nerally framed 
The upright sides are styles, and the transverse or horizontal with flush panels ; they fit in between the inside lining of the 
ones, which are tenoned mto the ends of the styles, are rails ; sash frame and the fraimed ground, to both of which they are 
but the inner frame-work or divisions for the panes are called attached, and form the back of the boxing into which the 
merely upright and cross bars ; the upright being the mortised, shutters fall back. They are tongned into the inside lining bi 



and the cross bars the tenoned, nevertheless, as with the outer their inner edge, and on their outer edge the ground is nail( 

frame-work. (Fig. 31.) Sashes are got out like common and they are set at right angles to the sash-frame, or obtusely 

fnaaing; the parts are tried up, set out, mortised and tenoned, outwards, as the shutters may be splayed or not The back is 

exactly in tibe same manner, allowance being made in the the continuation of the window fittings from the sash-sill to 

len^h of the rails and all tenoned pieces, in ttie setting out, the floor on the inside ; the elbows are its returns on either 

as m common framing also, for the portions of the mortised side under the shutters, and the soffit ib the piece of filming 

styles and upright bars, whidi are worked away in forming which extoids from one side of the window to the other, across 

the moulding and rebate. The meeting rails of sashes which the head, or fhun back lining to back lining. These are all 

are in pairs, to be hung with lines, are made thicker than the framed to correspond with the shutters on the fiwe ; but, as 

other parts by the thickness of tiie parting bead, and they are they are fixed, their backs are left unwrought Window 

bevelled or splayed off, the one from above and the other from shutters are framed in correspondence with the door and other 

below, that they may meet and fit closely. When the frame- framed work of the room to which they belong, in front, and 

work is completed, although it cannot be put together because generally with a flush panel behind : the back flaps are in one 

of what has just been referred to, the rebate is formed by the or two separate breadths to each shutter, according to the 

sash filUster on the f^urther part of the face edge, and the width of the window and the depth of the recess ; tiiey are 

moulding struck on its hither angle. These tilings being done, made lighter than the shutters themselves ; and the^ should, 

the mouMed edges are eiUier mitred or scribed at the shoulders when shut to, present fiMses exactly corresponding with tiiose 

and haunches, and the sash may be put together. If sash bars of the shutters, both internally and externally. The shutters 

are mitred at the joints, they require dowcds in the cross bars are hung to the sash-frame with butt hinges, and the back flaps 

to act as tenons ; but if they can be scribed, dowelling is not are hung to their outer styles with a hinge called a back-flap, 

necessary. Sashes are either hung upon hinges or hung with from its use. The shutters and their back flaps are hung m 

lines, pulleys, and weights. Fixed sashes are put into fnmes, one, two, or more heights, as may be fl>und convenient. The 

of whieh evefy part may be solid bai the stop, which must be moulded margin round the boxings of a window on the inner 
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fittilding. face are made to Harmonize generally with the similar parts of 
the doors of the room or pla^ to which it belongs. The fixing 
and hanging of window fittings or dressings are hardljr less 
important, for the accuracy required, than the maldng and 
fixing of tiie sash-frame itself; the slightest infiimity or inao- 
fnxney in anj part will be likely to derange some essential 
operation. Sashes, it may be remarked, are never fitt(>d until 
the frames are immoveably fixed, so that if there be any inac- 
curacy in the latter, the sashes are cut away or pieced out to 
make them fit; but, as they are intended to traverse, the 
fittinff in that case can only apply to one particular position, 
and m every one but that there must be something wrong. 
Any incorrectness in the sash-fVame, again, must throw the 
shutters and their back flaps out; indeed the sash-frame, 
though apparently a secondary part of the arrangement, is 
that which affects all the rest beyond anything else. When 
sashes have been fitted, a plough groove, wide and deep enough 
to receive the sash-line, is made in the outer edges of the styles, 
fbr about two-thirds of their lenc;th, at their upi>er ends. They 
are then primed and glazed, and when the putty is sufRciently 
set the joiner hangs them. He is fumisned with sash-line, 
tacks, and iron or lead weights, which are generally made cy- 
lindrical, with a ring at one end, to which uie line may be at- 
tached. A sash is weighed, and two weights are selected 
which tosether amount to within a few ounces of a counter- 
poise. The line is then passed through the pulley, which was 
previously fixed in the pulley style ; the end is knotted to a 
weight which is passed in at the hole left for the purpose, and 
at a sufficient distance, which a common degree of intelligence 
will readily determine ; the line is cut off and the end tacked 
into the groove in the style of the sash. 

Glue is used prmcipally in putting framed work together, 
but not at all in fixing ; and even for the former purpose it in 
much less used by good workmen than by bungling hands. 
When the stuff is well seasoned, and the trying up, setting 
out, mortising, and tenoning, are well and accurately executed, 
there is no necessity for glue on the tenons and shoulders ; the 
wedges alone need be glued, to attach them to the sides of the 
tenons, that their effect may not depend on mere compression. 
Joiners are generally f\imished with a cramp, with which to 
force the joints of framing into close contact ; it is either of 
wood acting by means of w^ges, or of iron with a screw. This, 
too, is unnecessary with good work, everjr joint of which may 
be brought pOTfectly dose without great violence of any kind. 
The cramp wiDl sometimes give bad work the semblance of good, 
but it cannot make it realty so. If any cracking and starting 
be heard in the joiner's work of a new building, it generally 
indicates one of two things ; either the cramp has been re- 
quired in putting the framing together, or, having been put 
together, it has been forced out of winding in fixing, and the 
constrained fibres are seeking to regain their natural position. 
A good workman does not require a cramp, nor will his work, 
if he has been supplied with seasoned stuff, ever require to 
be strained ; and consequently the cracking and starting of 
joint's work indicates unfit stuff or bad work, or perhaps both. 
It is true that fined joints will sometimes fly ; but when they 
do, there need be no hesitation in determining the presence of 
both bad work, and stuff in an improper state. 

Floors are measured and valued by the square of a hundred 
superficial feet ; but anything beyond the mere flooring, such 
as the mitred borders generaUy put as a margin to the stone 
slab of a fire-place, is taken extra by the foot superficial, or 
running, as tne additional work may be above or below three 
inches in width. The first important thing to note in mea- 
suring a floor is the thickness of the boards, by which to de- 
termine the cost of the principal material. A floor of boards 
unplaned on the face, and shot on the edses, laid folding, is 
the roughest that can be supposed ; with tiie boards wrought 
or planed on the face, and laid in the same manner, will be 
the next in advance ; and straight-joint flooring, in all its va- 
rieties, is the most troublesome, and consequently the most 
expensive in common and general use* Whether the boards 
be wide or narrow is a consideration to be noted, an equal sur- 
face being of course more rapidly covered with wide than with 
narrow boards ; whether they be gauged, and if brought to a 
thickness throughout, or only rebate gauged, and cut down on 
the joints with the adze ; in what manner the headmg joints 
ire formed and secured ; how the longitudinal joints are exe- 
suted, whether square, ploughed and toncrued, or dowelled; 



and whether the boards are face or edge naued. Solia frames. Building 
as for outside doors, &c., are measured and valued by the cubic 
foot, labour being calculated upon the stuff according to the 
nature and extent of what may have been applied to it. 

With trifling and unimportant exceptions, everything else 
in joiners' work that exceeds three inches in width is taken by 
the superficial foot; and the dimensions are taken on the 
finished and fixed work, so that allowances must be made for 
whatever waste may have been of necessity made. The staff 
worked up by the joiner is always supposed to have been in 
planks and boards a certain number of quarters of an inch in 
thickness, so that whatever the finished work may stand, it is 
taken as of the thickness which in quarters of an inch it is 
next below ; thus, if the styles of a door stand at even less 
than an inch and seven-eighths, it is taken as a two-inch door ; 
for a piece of framing is iQways considered to be of the thick- 
ness of its outer frame-work, the description determining the 
substance of the panels. Framed ^unds are measured round 
on the outside for the length ; their width is not that of the 
fsome, but of the styles and head as they actually are ; and 
their thickness that of the stuff before it was planed at alL 
Narrow grounds are taken by the foot running, tiieir width 
being noted in the description of them. Jamb linings are mea- 
sured to, the full length they may be of by their width, the 
thickness being noted, together with a description of the work 
on them, — if they are single or double rebated, if framed, and 
in what manner, &c. 

The dimensions of a door are generally taken within the 
rebates in which it is to hang, with its thickness and descrip- 
tion noted, — as of four, six, or eight panels, moulded on one 
or both sides, with flat or raised panels, &o. ; if it be double- 
margined, that IB stated, and the amount of the lap or rebate 
in their meeting styles is added to the width, to increase the 
superflcies by so much. The hinges with which a door is 
hung, and the lock or other fastenings which may be on it, are 
taken, with a descriptbn of their sizes and qualities, imme* 
diately after the door itself. If sashes are in a solid frame 
they are taken alone, but sashes in cased frames are measured 
in and with the frames. To the clear height between the sill 
and the head, three inches are added for the thickness of the 
sill, and four inches for the depth of the case at the head, for 
the height ; and to the width between the pulley -styles is added 
eight, nine, or ten inches, as the case may be, for the breadth 
of the casing on each side, for the width ; these give the super- 
ficies of the sashes and frame. The sashes and frame are de- 
scribed, with the thickness of the former, which determines 
that of the latter; the sill is doscribed as sunk or merely 
weathered ; the pulley-styles as of such a thickness ; the pul- 
leys, line, and stuff employed in the different parts of the 
fi^e, as of such and such qualities and sorts ; and whether the 
sashes be single or double hung, with what fiuteninffs, &c. 
The boxings for the shutters are taken in a superfidu quan- 
tity, as square or splayed, if circular on plan, whether with a 
flat or quick sweep, or if circular-headed, and straight on plan. 
The back linings, the backs, elbows, and soffits, the shutters 
and the back flaps, are all measured by the superficial foot, 
according to their thicknesses and descriptions, the hinges and 
fastenings of the shutters and back flaps being numberod and 
noted independently of them. The capping to backs is taken 
by the running foot; and elbow cappings are numbered. 
Moulded architraves are taken superficially, the length by their 
girt, or by the run at such a girt. Skirtings are measured su- 
perficially at such a thickness, as scribed or tongued, as square 
or moulded, or rebated for base moulding, as the case may be. 
Base and surbase, and indeed all other moulding which girds 
at four inches and above, should be taken supe^cially ; and 
mouldings which are of less girt may be taken by the run if 
the^ be taken independently of the other work, or that to 
which they belong, at aU. A moulding projecting from the 
face of the work to which it belongs may be assumed as inde- 
pendent of it ; whereas a receding one, if it be small, will 
merely add the character of mouldM to the work, and if large 
will qualify aU in immediate connection with it to be taken as 
a superficial quantity of moulding. All circular work, or work 
which diverges from a straight Ime, is noted and chai^ged pro- 
portionally to the additional labour and waste of stuff in volved ; 
the shorter the radius of the arc, or quicker the sweep, the 
higher must be the proportioned charge. Things which have 
been bent to their fleeted form are less costly in proportion than 
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Iiuihling. tboee wbich must have been worxed in the solid or glaed up in 
thicknesses. 

Stairs are measured by the superficial foot, the length of one 
step being taken hj the breadth of a step and riser, increased 
by onoe £e thickness of the former for a quantity, and this 
multiplied by the number of steps there may be of the same 
kind ; that is, when the steps are flyers ; for in winding steps 
the treads and risers are taken in separate dimensions, for 
greater accuracy. The thicknesses of the steps and risers are 
noted, as well as the mode in which they are worked ; they 
have either rounded or moulded nosings, are housed into the 
string, or have returned nosings, the riser being mitred to the 
string or to cut brackets on the ends of the steps. Curtail ends 
to steps are numbered. The frame-work or bearers on which 
the stairs rest is included with the stairs themselves. String- 
boards are taken according to their thickness and the quantity 
of work on them ; the grooves or housings in them are num- 
bered. The capping on a close string is taken by the run ; but 
when the nosings of the steps are returned, the strings are said 
to be cut ; and if there are any cut and mitred blocks, they 
are numbered. Stair skirting is taken as raking and scribed, 
and as straight, circular, ramped, or wreathed, by the foot su- 
perficial; wooden balusters are taken by the run, and the 
mortises or dovetails in which they are set are numbered; 
newels are taken by the run for the stufiT and the fixing, and 
the turnings on them are numbered. Hand-rails are said to be 
merely rounded, or moulded; they are measured by the run- 
ning foot ; and a distinction is kept up between the straight, 
the circular, the ramps, the wreaths, and the scroll ; nuts and 
screws in their joints are numbered. 

All sorts of framing, whether it be fixed or hung — ^all linings 
above three inches in width — all sorts of lodged work, such as 
plain doors and shutters, partitions in lofts and stables, bracket- 
ing, cradling, &c. — must be measured sujperficially. All nar- 
Tow linings, very narrow skirtings, stan beads, fillets, water 
trunks and spouts, 1^, rails, and runners to dressers, groov- 
ings, flntin|;s, reedings, cappings, dzc, and any work on super- 
ficial quantities that does not pervade the whole, but is in itself 
peculiar, should be taken lineally, or by the running foot. 
Insulated parts, such as short, interrupted grooves, blocks, 
pateras, brackets, trusses, cantilevers, holes, mortises for arti- 
cles taken lineally, mitres to cornices, heads and feet to flutes 
and reeds, &c., are numbered and charged at so much a piece. 
Ironmongery goods employed by the joiner are numbered under 
their di£^rent heads, and charged as fixed; that is, to the price 
of a lock is added a charge for the labour employed in fitting 
and fixing it, and whatever accessories it may have required 
which are not included in its own cost, such as screws, &c., to 
a rim or dead lock. To the price of hinees, however, only the 
cost of screws should be added, as the fixing of them is usually 
included in hanging the work to which they are attached. 

The cost at which joiners' work can be executed can only be 
determined by calculation and observation. The cost of the 
materials employed may be readily determined by dissecting a 
piece of work and reckoning its contents ; but the labour de- 
pends on so many contingencies, that very accurate observa- 
tion indeed is necessary to determine the quantity that may 
have been required to produce a certain result. In carpenters' 
work, the material forms the principal part of the charge; but 
in joiners' work the materials are for the most part of far less 
importance than the labour which has been expended on them. 
The stufiT employed in a sash must be costly indeed to amount 
to as much as the lalwur of making the sash; whereas, in most 
doors, under ordinary circumstances, the materials may cost as 
much as the labour. 

Sawyer, — The labour of the sawyer is applied to the division 
of large pieces of timber or logs into forms and sizes to suit the 
purposes of the carpenter and joiner. His working place is 
called a saw-pit, and his almost only important tool a pit-saw. 
A cross-cut saw, axes, dtygB, files, compasses, lines, lamp-black, 
black-lead, chalk, and a rule, are all accessories which may be 
considered necessary to him. 

Unlike most other artificers, the sawyer can do absolutely 
nothing alone : sawyers are therefore always in pairs ; one of 
the two stands on the work, and the other in the pit under it. 
The log or baulk of timber being carefully and firmly fixed on 
the pit, and lined for the cuts whi^ are to be made in it, the 
top-man standing on it. and the pit-man below or off from its 
And, a cut is eommenced, the former holding the saw with his 



two hands by the handle above, and the other in the same man- BuiUUug. 
ner by the box handle below. The attention of the top-man ,i«»s .-^- 
is directed to keeping the saw in the direction of and out of 
winding with the line to be cut upon, and that of the pit-man 
to cut down in a truly vertical line. The saw being correctly 
entered, ver) little more is required than steadiness of hand 
and eye in keeping it correctly on throughout the whole length. 
It is the custom to project so much of the log over the first 
transverse bearer as can be done without rendering it liable to 
vibrate or be insecure ; and when all the cuts proposed are ad- 
vanced up to that bearer, the end is slightly raised to allow the 
bearer to be passed out beyond the termination of the advanced 
cuts. The advantage of, or rather the necessity for, the moveable 
handle at the lower end of the saw is now evident, the top-man 
removing the saw readily from cut to cut from above, his mete 
having merely to strike the wedge in the box one way or the 
other, to fix or loosen it. 

It is absolutely necessary that the top-man should stand in 
such a manner on the log or piece operated on, that a line down 
the centre of his body should fall exactly upon the line of the 
cut he is to work on, and be as exactly perpendicuUur to it 
and to the plane of the horixon. He must, therefore, when the 
cut is near the outer edge, be provided with a board or plank, 
one end of which may rest on something firm at a short distance 
from the log, and the other on or against it, to put the outer 
foot on, and so keep himself in such a position that he may al- 
ways, and without constraint, see his saw out of winding, and 
so that a spectator standing on the fore-end of the pit may see 
the saw an imaginary line passing down the centre of the work- 
man's body, and the line of the cut in exactly the same vertical 
plane. The labour of the top-sawyer should consist solely in 
lifling the saw up by the hanale as high as his arms can carry 
it, and that of the pit-man in drawing it down with a slight 
pressure or tendency onward, sufficient to make it bite into the 
timber as much as his strength will enable him to make it cut 
away. The only assistance the pit-man should give in lifting 
the saw, is in holding it back that the teeth may not (brag against 
the cut in the ascent; and all the top-man should do in cutting 
downward is to keep the teeth steadily and firmly in contact 
with the part to be eroded. Good workmen may work with a 
narrower or closer set to their saw than bad ones can, though 
the wider or more open set saw is more liable to make bad 
work. It works more slowly and consumes more stuff than the 
dose set ; but it is not so likely to hang in the cut with unneces- 
sary pushing up of the pit-man and jerking down of the other, 
as if it were set more closely. A good top-man, nevertheless, 
is of much more importance, though he be badly mated, than the 
converse. Indeed the best possible pit-man could not work satis- 
factorily with a bad top-man, and therefore the latter is always 
considered the superior workman, and on him devolves the care 
of sharpening and setting the saw, &c In the operations of 
the carpenter and joiner much depends on the manner in which 
the sawyers ha^e performed their part. The best work on tho 
part of the carpenter cannot retrieve the radical defects in his 
materials from bad sawing ; and although the joiner need not 
allow his work to suffer, bad sawing causes him great lossof sti^ 
aud immense additional and otherwise unnecessary labour. 
Planks or boards, and scantling, on coining frt)m the saw-pit, 
should be as straight and true in every particular, except mere 
smoothness of surface, as if they had been tried upon the 
joiner's bench ; and good workmen actually produce them so. 
Saw-mills, too, by the truth and beauty with which they ope- 
rate, show the sawyer what may be effecUid ; for though he can 
hardly hope to equal their effect, he may seek to approach it. 

Sawyers' work is valued at so much tho hundred superficial 
feet ; the sawing on a board or squared scantling beiuf once its 
length, by a side and an edge, or half the amount of its four 
sides. In squared timber, however, it is generally valued at 
so much per load of fifty cubic feet, four cuts to the load, any 
cuts exceeding that number being paid for at so much per 
hundred feet ; in this case the lengui of the cut by its depth 

gives the superficial quantity of sawine in it. Pieces again of 
etermined and equal length and breadth, such as the deals and 
planks commonly used for joiners' work in this country, ad- 
mitting of a regulated scale, the sawing that may be required 
in them is valued at so much the dozen cuts. 

Modeller, — The modeller copies, in a solid material, the 
drawings of designs which may nave been prepared for enrich- 
ments, in whatever material they are to be cast, whether in 
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Building, plaster, in odetals, or in oompoBtition of anj land, for the 
v,^ .^ plasterer, smith, or decorator. The model is made in a finely 
tempered and plastic day, or in wax ; and the modeller worlu 
with his fingers, assisted hj a few ivory or hone tools for finish- 
ing off neatly and sharply, and for working in parts which he 
cannotreach with his fingers. He is generally the best work- 
man who can do most towards producing the required forms 
with his fingers unassisted by artificial tools, as a greater de- 
gree of ease and freedom aunost always results from the use 
of the hands alone. The model being completed, it is moulded, 
that is, moulds are made fitting it exactly in every part, and 
fitting exactly to each other at the edges, and in these, casts 
are made to any extent that may be inquired. 

The modeller having some pretensions to be considered an 
artist rather than a mere artificer, is for the most part paid 
according to his merits as such, rather than for so much time, 
according to the ordinary mode of determining the value of 
artificers' works. 

Carver and Oilder. — The carver is strictly an independent 
artist, whose business it is to cut ornaments and enrichments 
in solid and durable material, such as wood and stone, so that, 
like the modeller, he must be paid aocordiuff to the taste and 
power he may exhibit in his works, rather uian as a common 
artificer. Carvine has, however, been in a great measure su- 
perseded by modeuing and casting, so that the carver is hardly 
known in economic building except in connection with the 
gilder. Gilding may indeed be applied to castings as weU as 
to carvings ; but the former being, almost as a matter of oourse, 
less sharp and spirited in their flexures and details, as well as 
less firm in substance than the latter, castings can less bear to 
be further subdued by the application of &reign matters to 
their surfaces than carvings may. 

Gilding is the application of gold leaf to surfaces, which re- 
quire, however, to be previously prepared for its reception. 
The work is first primed with a solution of boiled linseed oil 
and carbonate of lead, and then covered with a fine glutinous 
composition called gold size, on which, when it is nearly dry, 
the gold leaf is laid in narrow slips with a fine brush, and 
preswd down with a piece of cotton wool held in the fingers. 
As the slips must be made to overlap each other slightly, to in- 
sure the complete covering of the whole surface, the loose edges 
will remain unattached ; these are readily struck off with a la^ 
sable or camel-hair brush, fitted for the purpose ; and the joints, 
if the work be dexterously executed, will be invisible. This 
is called oil gilding, and it is by far the best fitted for the en- 
richment of surfaces in architecture, because it is durable, aud 
is eadly cleaned, and does not destroy or derange the forms un- 
der it so much as burnished gilding does. This latter requires 
the work to be covered with various laminss of gluten, plaster, 
and bole, which last is mixed with gold size, to procure the ad- 
hesion of the leaf. The most durable mode of gilding metals 
in common use is by amalgamation. 

The sur&oes generally operated on by the gilder are so di- 
verse, that the real value of his work can be determined satis- 
fJBctorily only by taking his time and the materials employed 
and consumed in executing a piece of work. 

Plumber, — ^Lead, as the name imports, is the material in and 
with which the plumber operates. The previous preparation, 
casting and milting of lead into sheets, pipes, &c., and the com- 
position and uses of solder, wUl be founa described under the 
head Plumbrbt. 

The principal operations of the plumber are directed to the 
covering of roofs and flats , laying gutters, covering hips , ridges, 
and vaUevs, fixing water trunks, making cisterns and reser- 
voirs, and laying on the requisite pipes and cocks to them, fix- 
ins water-closet apparatus, setting up pumps, and applying 
indeed all the hydraulic machinery required in economic build- 
ing. His tools are knives, chiselB, and gouges for cutting and 
trimming, rasps or files and planes for fitting and jointing, a 
dressing and flatting tool for the purposes its name expresses, 
iron hammen and wooden mallets for driving and fixing, ladles 
in which to melt solder, nozing irons to assist in soldering, a 
nand-grate or stove whidi may be convenienUy moved mm 
place to place, for melting solder and heating the grozing irons, 
a stock and bits for boring holes, and a ruk, compasses, lines 
and chalk for setting out aud marking, together with weighing 
apparatus, as the quantities of most of the materials used by 
the plumber must be either proved or determined by weight. 
A plumber is always attended by a labourer, who does the more 



laborious work of carrying the materials .from place to place, BoildiDg. 
helps to move them when they are under operation, melts the 
solder and heats the grozing irons, attends to hold the one or 
the other, as neither may be set down or put out of hand when 
in use, and assists in some of the minor and coarser operations. 
In boarding roofs, flats', and gutters for lead, cla^-nails or 
flooring bnMs should be used ; and the first care of the plum- 
ber should be to punch them all in from an eighth to a quarter 
of an inch below the surface, and stop the holes carefhlly and 
completely with putty, or a chemical process will ensue on the 
slightest access of moisture if the iron heads of the nails come 
in contact with the lead, and the latter will, in the course t>f no 
long period, be completely perforated over every one of them. 
Neither should lead in surfaces of any extent be soldered, or in 
any manner fastened at the edges, without being turned up so 
as to make sufilcient allowance for the expansion and contrac- 
tion which it is constantly undergoing during the various 
changes in the temperature of the atmosphere. It may be taken, 
indeM, as a general rule, that solder should be dispensed with 
as much as possible. Like glue to the joiner, it is indispensable 
in many cases ; but like glue also, it is in common practice made 
to cover many defects, and much bad work, that ought noi to exist. 
Sheet lead, whether cast or milled, is suppUed of various 
weight or thickness ; and it is always described as of such a 
weight in pounds to the superficial foot. This varies from four 
to ten or twelve, so that the weijg^ht to the foot being ascertained, 
the whole weight of any quantity of the same thickness may be 
determined by admeasurement. There are very few purposes, 
indeed, in building, in which lead of less than six pounds to 
the foot should be used, and very few in which the weight need 
to exceed ten. For roofs, fiats, and gutten, under ordinary 
circumstances, eight pounds lead is a very fair and sufficient 
average ; for hips ana ridges, lead of six pounds to the foot is 
thick enough ; and for flashings five-pound lead need not be 
objected to. Cast lead has been preferred for the former pur- 
poses, because its surface is harder, but milled lead is of more 
even thickness throughout, it bends without cracking, which is 
not always the case with cast lead, and it makes neater work. 
Sheets of cast lead run from sixteen to eighteen feet long and 
six feet wide ; milled sheets are made of about the same width, 
and six or eight feet longer than cast sheets. Neither the one 
nor the other may be safely used on flats, or in gutten exposed 
to the wide range of temperature of our climate, in pieces of 
more than half the length and half the breadth of a sheet ; that 
is to say, from eiffht to twelve feet lon^, and three feet wide^ 
are the limits within which sheet lead will expand and contract 
without puckering and cracking, and to allow it to move freely 
it is laid with roUs and drips in such a manner that any extent of 
surface may be covered with the effect of continuity, tiiough the 
pieces of lead forming the covering be of such small sizes as above 
stated. But allySxin^, whether by soldering, or otherwise, is 
to be careftdly avoided. A roll is a piece of wood made about 
two inches thick and two and a half inches wide, rounded on 
one edge, and fixed with that edge uppermost, so as to come 
four inches within half the width of a sheet, that the edges may 
be turned up and folded round and over it, being lapped by, 
or lapping the similar edge of the adjoining sheet (ng. 37)* 
Lead sufficiently stout, dr^ed neatly and closely down to the 
boards under it, and over the rolls at its edges, will require no 
fastening of any kind, unless it be so light as to be moveable 
by the wind. KoUs occur for the most part in roofs and flats, 
and drips principally in gutten. The drip is formed in the 
first instance by the carpenter in laying the gutter boards i o> 
cording to an arrangement with the plumber. It is a differ- 
ence made in the height of the gutter of two or three inches, 
where one sheet terminates in tength, and meets another in 
continuation. The end of the lower is turned up against the 
drip, and that of the upper is dressed down over it, so as effec- 
tually to prevent the water from driving up under it. Gutten 
should have a current of at least an eighth of an inch to the foot, 
and in flats it should be rather more ; ends and udes which 
are against a wall should turn up against it from ^ve to seven 
inches, according to circumstances ; and the turning up under 
the slates, tiles, or other roof covering, to a gutter, should be 
to the level of that against the wall at the least. The turn- 
ing up against the wful should be covered by a flashing. This 
is a piece of lead let into one of the joints of the wall above 
the edge of the gutter lead, and dressed neatly down over, to 
prevent water £h>m getting in behind it. (Fig. 36.) Lead on 
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Ruilding. ridges and hips not beiiiff in ftufflcient massei to be secured by 
' its own weight, must be neld down hj naik. 

In making cvrtemsand reservoirs, unless thej be east, the sheets 
of lead most of necessity be joined by soldering ; but the water 
they are intended to contain protects the lead from the fre- 
quent and sudden changes to which in other and more exposed 
situations it is exposed. 

Water trunks and pipes are made of a certain number of 
pounds weiff ht to the yard in length, to every yariety of bore 
or calibre that can be reauired. Water trunks or pipes are 
fitted with laif[e eaae heaos above, to receive the water from 
the gaiter spouts, and with shoes to deliver the water bebw ; 
thev are fixed or attached to the walls of buildings with flan^ 
of lead, which are secured by means of spike nails. Service 
and waste pipes to cisterns, &c., are generally supported and 
attached by means of iron holdfasts. 

Plumbers' work is for the most part estimated by the hun- 
dredweight of a hundred and twelve pounds, though there are 
of course many things which must be taken in detail, by the 
pound weight , by number, and even by sise. It has been alieady 
shown in what manner the quantity of lead consumed ma;^ lie 
determined, whether it be in sheets or in pipes ; the weiffht 
per sup€a*ficial foot of the one, and per lineal foot or yard of 
the other, being known, and it is always ascertainable, the di- 
mensions of the various parts or portions of the work readily 
give the total amount in nundred weights or tons. The waste 
of lead in working is very trifllnff , as cuttings all go to the melt- 
ing pot again wiUi little or no Toss but that of refounding or 
castmg ; and even old lead is taken bv the lead merchant in 
exchange for new, at a very trifling allowance for tare and the 
cost of reworking. Water-closet apparatus, pumps, cocks, 
bosses, fbrules, washers, valves, balls, grates, traps, funnels, 
&e., can all readily be counted and noted accordmg to their 
ciaes and peculiarities ; and so may the various requisite joints 
in pipes, and attachments of cocks, &c., to the pipes, which must 
also be taken in additbn to the articles themselves. The prices 
of all these goods, ftom the sheets of lead and the pi|>es, to the 
smallest articles used by the plumber, may be ascertained from 
the wholesale merchants and manufacturers ; an addition of 
thirty per cent, to these ^rime costs will, under ordinary cir- 
cumstances, afibtd the builder or tradesman an ample profit, 
and payment with sufficient profit on them also, for labour, 
solder, and nails, excepting cost of carriage, and any other 
contingent expense, which must be added to the gross. The 
materials may, however, be taken with a recognised profit added 
.to the prime costs and the actual labour expended ; and solder 
and na^ worked up may be reckoned firom observation, or ao- 
count kept of the workman's time, dw. 

These things are mentioned more particularly, because a 
nefiffious custom has obtained in this country, and is still al- 
lowed to a very great extent, by which the plumber is per- 
mitted to take not only an extortionate profit on his goods, 
but actually to charge twice for labour and the accessories. 
There is nothing more common than to find in a plumber's 
account a charge for lead (meaning sheet-lead)^ and iabaur, at 
so mudi per hundredweight,^^haiges for ppe of a certain 
bore or diameter att so muc^ per foot, — ^for so many joints in 
pipe of such a size, — that is, for the labour and solder con- 
sumed and expended in making them, — and so on through all 
sorts of things, the account winding up at length, or being in- 
terspersed from time to time, with so many pounds or hundred- 
weights of solder, and so many days' work of plumber and la- 
bourer I The now prevalent custom of artificers' work being 
done by general builders by tender and oontract, has consider- 
ably lessened the injory to the public from this abuse, and 
proved it to be really so by the moderate profits the same men 
will content themselves with if thev make a tender, who would 
persist in charging at the old rate if they were instructed to do 
the work withoutoeing bound by a contract. Such too is the 
effect of custom on the courts of justice in England, that the 
abuse referred to has been protected by them, and probably 
would be 80 still, because it was thecustom and had been allowed I 

SmUh and FotMuisr.— The goods supplied by the smith are 
charged l^ the pound according to the quantity of labour on 
them, and the rounder has eenerallv an average charge for 
iron castings at so much per nundredweight or per ton. The 
working up or fitting and fixing of smiths'-work devolves for 
the most part on the carpenter in whose favour it is taken, 
generally, liowever, in combination with some of his own pecu- 



lisr works ; but founders' work commonly requires to be fitted Building, 
and fixed by the smith. 

Olazier, — ^The business of the glazier may be confined to 
the mere fitting and setting of glass ; even the cutting of the 
plates up into squares bein^ generally an independent art, re- 
quiring a decree of tact and judgment not necessarily possessed 
by the building artificer. (See the articles Glass, Manufao- 
ture of, and Glass- Cutting.) The glazier is supplied with a 
diamond cutting tool, laths, or straight-edees of various 
lengths, a square, a glazing-knife, a hacting-ciife, hammer, 
duster, sash-tool, and role ; and his materials are simply glass, 
putty, and priming or paint. 

The ^lass is supplied by the glass-eutter in squares or plates, 
of the sizes and qualities required for the particular work to 
be executed. The putty is made bv the glazier himself or by 
a labourer, of fine dean powdered chalx or whitening, and 
linseed oil, well mixed and combined, and kneaded to the con- 
sistence of dough. No more puttv should be made at once 
than is likely to be worked up in the course of a day, as, the 
on drying out, it becomes hara and partially set, and is there- 
fore less available for its purposes. Priming is a thin solu- 
tion of white, with a little rod, lead in linseed oil. When the 
sashes come to the glazier firom the joiner, thev have been 
fitted into their places, and only require to be glased before 
they may be permanently set or hung. Supposing that no 
preliminary process is reauired, such as stoppmg (the result 
of bad joiners' work) ana knotting (and knot^ stuff diould 
not be admitted in sashes), the sauies require to be primed. 
The priming is laid on every part of the saw except the outer 
edges of the stales and of tne bottom and top raus, with ihe 
sash tool or pamtin^ brush, that is, if the sasnes are intended 
to be painted ; for if not, the rebates only must be primed. 
The object of this is to prepare the materisl of which tlie sash 
.is composed for the reception of the put^, which would not 
otherwise attach itself so firmly as it does aner this preparation. 
The priming being sufficiently dry, the workinan outs the 
panes of glus down into their places, making every one fall 
readily into the rebates without binding in any part ; Indeed 
the glass should fit so nicely as not to touch the wood with its 
edges any where, and yet hardly allow a fine point to pass be- 
tween it and the sa^-bar or rerate, the object being to encase 
it completely in putty, and yet that the putty should not be in 
greater quantity than is aMolutely necessary. The glass be- 
mg fittea or cut down, the workman takes the glazing-knife 
in his right hand, and a lump of putt;^ in the palm of his left, 
the sash bein^ laid on its face, tbat is, with the rebates up- 
ward, before him ; with the knife he lays a complete bedding 
of putty on the retuminj; narrow stops of the rebates, afi 
round to every pane. This beins done, the panes of glass are 
put in on it as they have heen fitted, and every one is care- 
ndly rubbed down with the fingers, forcing the putty out be- 
low and around the ed^ of the glass, until they are nearly 
brought into contact with the wood or other material of the 
sash. The rebates are then filled in with putty behind, the 
mass forming exactly a right-angled triangle, its base being 
the extent of the stop of the rebiSe, and its perpendicular the 
depth from the glass to the outer edge of the rebate ; the third 
siae or hypothenuse is neatly smooued off, and the sash being 
then tumea on its edge and held uprightly by the left hand, 
the protruded putty of the bedding is struck on with the knife, 
and the section of it neatly drawn. The sashes are now de- 
posited on their faces, to allow the putty to set, and then they 
may be hung and piunted. To very larse squares, and to 
plate-glass, small nails called sprigs are used to retain the glass 
seourdy while the putty is still soft and yielding. 

Lead-work, as it is termed, is the glazing of firames rather 
than of sashes with small squares or quarries of glass, which 
are held together by reticulations of lead; and these are 
secured to stout metal bars, which are fixed to the window 
frames. The leaden reticulatinff bars are grooved on their 
edges to receive the quarries, and are tied \yf means of leaden 
rifimds or wires to tne saddle bars, which, in their turn, are 
affixed to the stouter bars before mentioned, if the bay or 
frame be so large as to require both. 

Glazing is valued by the superficial fix>t, the squares or 
panes bemg measured between the rebates in which they are 
set. The value of plate-glass is very much effected by the 
sizes of the panes, every widitional inch in extent of stuface 
adding matenally to the cost of production of the whole piece 
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magnitude. Common window glass is divided into best, properly executed, will not present a shining, smooth, and ' 

seconds, and thirds, and is charged higher as the panes in- gkwsj appearance, as if it formed a film or skin, but will show 

crease in size, because for large panes the table cuts to waste a fine and regular grain, as if the surface were natural, or had 

more than in cutting small ones. In ordinary practice, panes received a mere stain without destroying the original texture, 

containing two superficial feet and under are claissed together ; Imitative grainings, however, and the varnishes which are 

then from two feet to two feet six inches, and so on ; and ac- intended to protect them, and make them bear out, necessarily 

cording to the quality of the article. Flatting, bending, produce a new and artificial texture ; and for this reason they 

grinding, staining, &o., are all subjects of separate and inde- are all to a greater or less extent diEagreeable, how well soever 

pendent charge. the imitations may be effected. 

Lead lishts are taken by the superficies generally of a hun- As it must be presumed that all the wood submitted to the 

dred feet/lead and glass being induded in the same charge, operations of the painter, which has passed through the hands 

which, however, depends on tiie size of the quarries. Stay of the joiner, was idready well seasoned and properly dry, it 

and saddle bars are taken separately, according to their num- is only necessary to say generally, that work should be free 

ber and maf^itude. ^ ^m moisture of any and every xind before paint is applied 

Painter, — For eoonomical painting, see artide Painting to it, or it will at the least prove useless, and probably inju- 

in FiNCTCLOPiEDiA Britannioa. The real object of painting rious rather than beneficial. This remark applies alike to 

is to protect wood, metals, and stuccoes from being readily wood and to plastered work, both internal and external ; that 

acted upon b^ the atmosphere, by covering their surfaces is, whether they be subjected to the more violent changes of 

with a material which is capable of resisting it. A con- the weather or not. Dampness or moisture in woods, and 

tinned succession of moisture and dryness, and of heat and stepped in or covered up with paint, will, under ordinary cir- 

frost, soon efiects the decomposition of woods, causes oxi- cumstances, tend to their destruction ; and in stuccoes it will 

dation in most of the metals used for economical purposes, and spoil the paint, and most probably iigure the plastering itself 

destroys the generality of stuccoes if their surfaces be exposed too. 

nakedly to it. A solution of ceruse or white lead in linseed Painters* work, on extended surfaces, is valued by the yard 

oil spread over them prevents these injuries in a great mea- superficial, according to tiie number of coats, or the number of 

sure, and for a considerable period of time ; and as the appli- times tiie paint has been applied to the surface, and to the 

cation of such an unction can be repeated without much trouble manner in whicdi, and matter with which, it is finished. On 

or expense as^often as occasion may require, it inay be said to skirtings, surbasee, narrow cornices, reveals, single mouldings, 

furnish a protection against the died conting^endes. In addi- sills, string courses, die, it is measured by tilie foot run; 

tion to the utility of paintinff , it is also available as an oma- sash-frames and the squares or panes of sashes, are numbered, 

ment, bj bringing disagreeably or diversely coloured surfaces to the latter by the dozen ; and so are other things which do not 

a pleasing and uniform tint, or by diversifying a disagreeable readily admit of beinff measured. Rich cornices, expensive 

monotony of tint, to suit the taste and fancy ; and this is done imitations, &o., are taken by the foot superficial ; and prepa- 

in a peat measure b^ the addition of various pigments to the rations before the work can be commenced are most fairly 

solution before mentioned. ^ ^ chaiiged for by the time they occupy and the materials they 

The painter works with hoflfs-bristle brushes of various sizes, consume. The work is taken, as one, two, three, four, or more 

which, with the exception ofpots to hold his colours, a grind- times in oil, common colour ; or so many times finished of a 

ing-stone and grinder or muller for grinding or triturating certain colour that is more expensive than what is cailed 

them, a pallet and a pallet knife, are almost his only implements, common ; or as so many times, and flatted of such a colour. 

His materials are comparatively few also ; but for some pur- the flatting being an extra coat ; or as painted so many tunes, 

poses these require a great variety of ingredients, the prepa- and grained and varnished. Common colours are those which 

ration and combination of which, however, devolves piind- areproduoedby the addition of lamp-black, red-lead, or any of 

pally on the manufacturer or eolourman, and not on the painter the common o<mres to white-lead and oil ; blues, greens, rich 

himself. reds, pinks, and yellows, ^., being more costly, are token as 

The first thing the workman has to attend to in painting such. Unflatted white is a common oobur ; flatted, it classes 
wool-work, is to prepare its surface for the reception of paint, with the ridi colours. If the same surface be painted of two 
by counteracting the effect of anything that may tend to pre- different tints, it is said to be in P^*ty colours, and an allow- 
vent it from be«>ming identified with vie material. Thus, in ance is made in the nrice for the additional trouble of finishing 
painting pine-woods of any kind, the resin contained in the in that manner. Carved mouldings and other enrichments 
knots miich appear on the suHace must be -neutralized, or a having to be pidced in with a pencu or small brush, that the 
blemish will appear in the finished work over erery resinous quirks, &c, be not choked up, must be taken extra, by the run 
part. Ineqnauties or unevennesses of surface, too, must be or by number ; and if the picking in be in party colours, the 
reduced wi^ sand-paper or pumice-stone, or made up with labour is necessarily greater than if the work be plain, 
putty. The necessary process for killing knots, just referred What is termed decorating, is divided between the painter 
to, will genendly leave a film, which must be rubbed down ; and the paper-hanger. Decorations must necessarily depend 
and the heads of nails and brads having beenpundied in, will upon the taste ana ddll required or employed in produdng 
present indentations, which should be stopped. In painting them ; and the remuneration must also of course be contin- 
or laying on the cobur, the brush must be constantly at right gent. Decorative papers are paid for by the piece or yard, 
angles to the face of the work, only the ends of the hairs, in a piece being made in this country twelve yards long and 
fact, toucldng it, for in this manner the paint is at the same twenty indies wide, 4hd the hanging is charged at so much 
time forced into the pores of the wood and distributed equally the piece. Borders are charged by the jKra for the mate- 
over the surface ; for if the brush be held obliquelpr to the rial, and by the dozen for hanging. Sizing and otherwise 
work, it will leave the paint in thick masses wherever it is first preparing the walls are considered beyond the charges for 
applied after being dipped for a fresh supply into the pot, and han£ing. (w. b—- o.) 
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•ft .« sour jr. 



1. Stone- Masonky is the art of building in stone. The 
word mason is derived directly from the French mttgon^ 
which signifies indifferently a bricklayer or mason. Du 
Cange attributes the origin of the word to the low Latin 
maceriay a wall ; but by far the most probable derivation 
is that of the French maisony a house ; thus maisonner is 
to build houses, and the ma^ony the man who builds them. 
Among ourselves, at present, we reckon three sorts of arti- 
ficers — nibble or rag-stone masons, freestone masons, and 
marble masons. This last branch, however, is rather that 
of the carver or statuary. The art of working or reducing 
stone to the proper shape for the mason to seiy or place 
them in the walls, &c., has generally been called stone- 
ctiiiing, and depends very much on the nature of the stone 
for its details. 

2. The art of building with stone is of very great anti- 
quity ; it was originally, no doubt, suggested by the holes 
in the rocks, or natural caves, in which our forefathers 
sheltered themselves firom the inclemencies of the weather. 
The perishable nature of their wooden huts afterwards 
suggested an imitation of them in stone as a durable mate- 
rial ; and the trunks of trees, and the beams laid across 
them, were probably the prototypes of columns and archi- 
traves. 

3. Among rude and barbarous people there seems to 
have been always a great desire to erect huge masses of 
stones, either as memorials of some event, or for the pur- 
poses of religion, and th& early history of almost every 
country treats of some of these structures. 

4. The necessity for defence against predatory tribes 
seems to have given tlie next impulse to building with 
stone, and to this we probably owe those extraordinary 
walls, commonly called Cyclopean or Pelasgic. These are 
huge polygonal blocks of stone, carefully cut so as to fit 
exactly to each other without mortar, and forming walls 
which must have been impregnable at that time. An idea 
of their size may be gathered from tlie fact that in the 
Etruscan walls at Rusellae, Mr Dennis (Cities and Ceme- 
teries (tf Etrurian vol. ii.) measured a stone 12 feet 8 inches 
long by 2 feet 10 inches high. Most of the blocks forming 
these walls would weigh from 6 to 8 tons. It seems very 
difficult to understand in that state of civilization how they 
were hoisted and set. Pausanias (ii. 25), describing those 
of Argolis, says, — ** The walls, the only remains of the city 
left, are the work of the Cyclops, and are made of rough 
blocks of such size that a yoke of mules would be unable 
to move the smallest." 

5. At Nineveh the walls seem mostly of unburned brick, 
but they are lined with huge slabs of marble, or rather a 
species of alabaster, the working and carving of which 
show a very great advance in art. The architecture of the 
Hindus, Persians, Phoenicians, and Jews, will be found 
under their respective heads. But there is nothing about 
their masonry aifiering from that of other similar structures 
on which it would be profitable to dwell. 

6. The Egyptians, however, seem not only to have used 
gigantic masonry, but also to have had the power of work- 
ing, carving, and polishing granite in a way which we cer- 
tainly cannot at present attain to. The most marvellous 
lact connected with their masonry seems to be that the 



whole work was executed with copper or rather bronze Uistory. 
tools, which seem to have answered their purpose better ^^-^/^^ 
than even onr best and hardest steel. Such seems to have 
been the fiicility with which they worked this, to us un- 
tractable material, that they were not content to cut and 
polish huge slabs and masses of granite, but they covered 
them all over with the most delicate and sharp-cut hiero- 
glyphical inscriptions. 

7. The masonry of the Greeks yet remaining is chiefly Greek 
of beautiftil marble. The workmanship is of the most mtaonry«, 
exquisite character, the joints, &c., of tne greatest truth. 

The artistic beauties of the carving, &c., have been un- 
rivalled at any period. It seems difficult to believe that so 
enlightened a people were ignorant of the use of the arch, 
especially as it was clear it was known not only to the Egyp- 
tians, but was used at Nineveh. Howcrver, no example of 
a Greek arch exists at this time, as an architectural feature, 
although, for necessary purposes (as covering drains), and 
concealed in the walls (as discharging arches), examples are 
to be found in Greek works. It is probable that, as they 
had plenty of marble in blocks of almost any size, they pre- 
ferred to use it in horizontal bearings, to working it into arch 
forms. 

8. It was, however, the contrary with Roman masons ; Roman 
although it is true many of their temples were Greek in masonry, 
character, and most of them rivalled those of tliat nation in 

size and in the vastness of their material.^ But in general 
there was less of that ponderous strength that characterized 
the Egyptian and the Grecian Doric; and much more 
science in the construction, particularly as regarded eco- 
nomy; tliough in point of artistic beauty they were far 
below tA)e Greeks. To what nation or race the invention 
of the arch may be attributed, it is clear the Romans were 
the first to bring it into general use ; and though we read 
of a species of dome among the Greeks called 0oXo9, and 
though the Hindus delight in domical construction, it is 
clear the Romans were the first in Europe to use the true 
dome in covering their temples. Besides this, they had 
not only good lime but plenty of pozzolano, and therefore 
their mortar and cement were of first-rate quality. To these 
advantages we may attribute the vast works which to the 
present day amaze the spectator, who cannot view their 
cloacse, aqueducts, amphitheatres, basilicas, walls, towers, 
tombs, domes, harbours, without wonder at the enterprise 
of the people and the skill of their masons. 

9. After the ruin of the Roman empire, and the irruption Mediaeval 
of the savage hordes over the whole of civilized Europe* the masonry, 
art of masonry, like all others, declined to the lowest ebb. 

In £9ict, except for the erection of rude forts and towers, it 
became almost extinct. In England we owe its first re- 
vival to the works of the Norman invaders ; and next, no 
doubt, to the return of the crusaders, who had witnessed 
with admiration the marvellous lightness of the buildings 
in the £^t, and who brought back with them the arts and 
learning of the Arabians, especially their mathematical 
science. From these sources, no doubt, pointed architec- 
ture took its rise, and massive cylindrical pillars, composed 
of many small pieces of stone ; small circular-headed win- 
dows; walls of vast thickness, with very shallow buttresses; 
and plain groining without ribs, gradually became changed to 



^ There are pieces of the architrave of the Temple of the San now lying on the Qalrinal at Rome, roeasaring 16 ft. 6 In. long by 9 ft 
6 In. high, and about 6 ft. thick, or nearly 50 tins in weight 
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light shafted piers, and delicately moulded arches ; windows 
rich with varied tracery ; pannelled walls, with bold but- 
tresses, surmounted by niches^ and crowned with pinnacles; 
and groined roofs, fretted with a net-work of ribs, and 
studded with richly floriated bosses. 

10. The revival of classic architecture threw the arts 
into another channel, and the masons had hardly forgotten 
tlieir old traditions when Jones and Wren introduced them 
to new details. The latter, in particular, formed an excel- 
lent school of masonry. The works at St Paul's, and his 
other public buildings, are executed in a very superior 
manner. He seems to have been very choice in the selec- 
tion of his stone. Among all his buildings is scarcely a 
failure, or a defective block. Besides this, by the assist- 
ance of Gibbon^ he formed an excellent school of archi- 
tectural carvers. 

1 1 . The art of masonry was well upheld by Hawksmoor, 
Vanburgh, and Chambers ; but shortly began to languish, 
when the inordinate use of cements, first introduced by the 
Adamses, came into vogue. Besides this, the heavy duties 
imposed on the transport of stone by sea, and the high 
prices which all materials bore during the war, threatened 
to reduce masonry to its lowest. The revival of Gothic 
architecture has renewed the use of fireestone, and has 
taught our masons the art of working tracery, groined 
roofs, flying buttresses, and such use of stone as was 
supposed, scarce a century ago, to be one of the lost arts. 
Besides this, the abolition of duties, and the introduction 
of many facilities of transport by steam, both by land and 
water, has so reduced the price of stone, that in many 
places the use of cement is a fiilse economy. Again, our 
intercourse with the Continent has brought us into more 
familiar acquaintance with the great works of classic anti- 
quity, and of the Italian Renaissance. In addition to 
these causes, the vast engineering works, our docks, har- 
bours, lighthouses, bridges, and, above all, our railroads, 
wliich have lately been constructed all over the country, 
have given a vast impetus to the study and practice of con- 
structive masonry on the largest scale ; and the consequence 
is, we now have in Great Britain a body of masons of 
higher and more varied skill then perhaps ever was known 
in this country at any time, both as regards constructive 
ability and elegant taste. 

12. In Italy the old customs and traditions are still 
closely followed, and masonry is extremely well but slowly 
executed. The fine viaduct lately built at Albano is, how- 
ever, a favourable example of Italian engineering in stone; 
and as railways gradually spread over the country we may 
expect still greater progress. In France masonry has always 
flourished, stone being so abundant, especially in the neigh- 
bourhood of Paris. The Ute works at the Great Exposi- 
tion, particularly the beautiful bridge over the Seine, and 
the noble buildings which unite the Tuileries and Louvre, 
form probably the finest palace in the world, and speak 
highly of the state of the art in France. In Germany we 
may note the fine works at Munich, particularly the Val- 
halla, the Pinacothek, and the Glyptothek ; at Berlin, the 
beautiful buildings of Shinkel ; and in Russia the vast im- 
provements at St Petersburg, particularly the cathedral of 
St Isaac, the dome of which is surroimded by twenty-four 
columns, each of one single piece, and each weighing 
more than 60 tons, and standing at the height of 150 feet 
above the ground. (See art. St Petersbueo, vol. xvii., 
p. 490.) 

13. it is now proposed to treat this subject under the 
following heads : — 

I. Materials used in masonry. — 1. The various kinds of 
stone. 2. Their durability and causes of decay. 3. Mor- 
tars and cements. 

II. — Of the principles of stability and strength in 
rrasonrv. Under this head it is proposed to give the whole 



of the scientific article written by the late Profrssor Robi- Materials 

son exprefisly for this work. used m 

III.— Of foundations.—!. On land. 2. In the water. M»«>nry, 
IV.-— On stone cutting and setting. — 1. General. 2. 

Mediseval. 

V. — On artificial stones, and on the induration of soft 

stones. 



I.-^-OF MATERIALS USED IN MASONRY. 

14. In our article on Mineralooical Science, vol. xv.. Materials, 
p. 15o, we have given an epitome of the various rocks 

which compose the fiibric of tne globe. We purpose to go 
through this list, showing those used in building as they 
occur seriatimj with some practical remarks upon each, 
which will give a complete epitome of the materials used 
by masons in all ages. 

15. Of Igneous Roekf of volcanic origin, the varieties Ign^yus 
which have been used are those light stones called tufa and rocks of 
pumice, and that stone called peperino. The two former of ^°3*?"'^ 
these were extensively employed by the Romans in the ®"S*°* 
filling in of vaultine, on account of their great lightness. 

The latter stone, which is obtained in large quantities near 
Rome ; and which, though of volcanic origin, resembles a 
sort of coarse oolitic conglomerate, was used by that people 
extensively, particularly for substructures, for which it is 
fitted, being obtained in large blocks. 

Of the second division of igneous rocks, the irappean ; Trappean. 
porphyry, and serpentine have been used, but chiefly as 
ornamental coloured stones, and have been generally classed 
as marbles. 

Of this third division the granite alone is in use, and is Super sili- 
now very extensively employed, not only in bridges and cated 
engineering works, but in public buildings and dwellings, •tones. 
It is got from the quarries by splitting the blocks with Granite. 
\i edges, and is so hard it cannot be cut by any ordinary' 
saws. It can only be worked first with large hammers, and 
then reduced by pointed chisels, and consequently is very 
expensive in building. Some very good specimens conie 
from Cornwall and Devonshire, but by far the best are from 
Dundee and Aberdeen. A variety of the latter, called Peter- 
head, is only to be equalled by the finest oriental granites. 

16. Of Aqueinu Roeki^MeekameaUy formedj and of Aqueous 
the Atenaceaut varieties. — Gravel is used by masons for rocks, 
concrete, and sand in making mortar. Sandstones and grit- Gravel and 
stones are very extensively used. These are either laminated, '^°^- 

as the York stone, and used generally for paving, as it can York pav- 
readily be split into large surfaces of small relative thickness ; ing. 
or compact as old red sandstones, which stand very well inter- Old red 
nally, but perish sadly with the weather, as may be seen at eandstoDe. 
Chester cathedral. The new sandstones, the best of which 
is the Calverley stone, got near Tunbridge Wells. Tliese Tunbridge 
stones are easily quarried, but, if sawn, the wet saw and sandstone, 
sand must be used. The finer grained compact sandstones, Compact 
which are comparatively free from iron, and form very good sandstone, 
building-stones, are very numerous. We name a few. These 
are the Bramley Fall, used by engineers for bridge copings, 
&c. ; the Park Spring, £lland Edge, and Whitby, all from 
Yorkshire. Scotland can boast of some of the finest 

?uarries of sandstone, the best of which, perhaps, is the 
'raigleith, much used at Edinburgh. The college, courts of 
law, registry, custom-house, royal exchange, national monu- 
ment, and many churches and private residences there, are 
built of this excellent material, which has also been exten- 
sively exported to Hamburg, Altona, Gottenburg, and the 
continent. Humbie stone has also been extensively used, Humbie. 
both at Edinburgh and at Glasgow, where it forms the 
Royal Exchange and bank. It is easier to work than Craig- 
leith. Glammis is also a fine sandstone. The castle there, Glamniis. 
as well as those at Inverquharity and Cortachy, and Lin- 
dertis House, are built of this. In Fifeshire, at Culello, are culelln. 



STONE-MASONRY. 



169 



Reigate 
firestone. 



Argillaoe- 



MatcriaU quarries from whence the stones fi>r the monument to Lord 
used in Melville at Edinburgh, and that to Lord Nelson at Yar- 
Masonry. mouth, were obtainc^d. In addition to beauty and dura- 
bilityt these stones have the merit of being capable of 
receiving the finest and smoothest forms from the chisel of 
the workman. Another class of sandstones are commonly 
called^eflofief, as they endure the action of fire better than 
most others. Of these the best known is the Reigate stone, 
which is the principal material used at Windsor Castle, 
Hampton Court, ana in many old buildings round London. 
Or aqueaut stones classed as argiUa^ous, the Clunch 
oiu'cliwch.only is used in building. It may be seen in Ely and Peter- 
borough cathedrals, and many other medieeval buildings, 
and is a beautiful material for carving, but will not stand 
the weather. 
Chemically Of those oqueous stones^ claased bb- chemically formed^ 
formed. and of the subdivision, the ealcareavs^ we have none of 
Trav«rtin6.note but the Travertine, or, properly speaking, Tiburtine. 
This is a coarse grained stone, of warm colour, found in 
larse blocks, and extensively used at Rome, both in ancient 
and modem buildings ; the great cathedral of St Peter^s 
may be cited as an instance ; but it is unknown in England. 
Calcareous. Of aqueous roeks^ organically derived, and of the first 
subdivision, the calcareous claims our principal attention. 
Lime- The chief of these are the limestones^ which are generally 
■tones, considered by architects as compact, magnesiau, or oolitic 
limestones. Of the former the best, in the south of Eng- 
Chilmark. land, is that called Chilmark, of which Salisbury Cathednd 
and Wilton Abbey, and many other fine buildings, have 
Tottenhott. been erected. In the midland counties the Tottenhoe 
stone, of which Dunstable Priory, Wobum Abbey, Luton 
churdit &C., are built, is an excellent stone. There is also 
a stone of high quality got near Wirksworth in Derby- 
shire, used at Chatsworth, Belvoir, Drayton Manor &c., 
Magneaiao. &c. Of magnesian limestones we may name the Anstone^ 
Anstone. or Bolsover Moor stone, used formerly at Southwell Minster, 
Tadcaster. and lately at the houses of Parliament; the Tadcaster 
stones, used at York, Beverley, and Rippon Minsters, and 
very many other buildings ; and the Roche Abbey, used at 
the building of that name, and very many other churches 
in Yorkshire and Lincolnshire. These stones contain a 
great deal of carbonate of magnesia, from which they take 
their name, and are of beautifiil texture, and stand well in 
the country as building-stones ; but fail in London, firom a 
cause which will shorUy be stated. 

We now come to the most important subdivbion of the 
limestones used in masonry — the ooUtic—^o called because 
they resemble, when broken, a conglomerate of elobular 
eggs, also firequently called roe-stones, because diey re- 
semble what is called the hard roe of a fish. (See art 
Gkoloot, vol. XV., p. 146.) Very good examples of these 
are the Bamack stone firom Northamptonshire, of which 
Peterborough Cathedral, Croyland Abbey, Burleigh House, 
&C., &&, are erected, Ketton stone, used at most of the 
colleges in Cambridge, and at Bury St Edmunds, Bedford, 
Stamford, &c., && But the principal English oolites used 
in masonry are the Bath and Portland. The former, as its 
name importS| is tbund in the neighbourhood of Bath* The 
chief quarries are the Box, Combe Down, Farleigh Down, 
and Corsham Down ; all these Quarries vary in qualitv at 
difierent depths. The Corsham Down is said to procfuce 
the finest in quality, and the Box Ground stone to be the 
hardest ; but everything in the use of this stone depends on 
the judgment in selection. Large quantities of a similar 
stone are imported from Caen, in Normandy. They are 
more compact in texture than Bath, and therefore fitter for 
carving ; but do not appear to stand the weather of our 
climate so well. The best variety of this stone is said to 
be D^Aubigny stone. Almost all these oolites can be 
sawn with a common dry saw, which saves a great deal in 
the labour of conversion. But, without doubts die best of 
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all this class of stones is that from the Island of Portland | Material 
for beauty of texture and for durability, it perhaps exceeds J***^ *"* 
any stone in the world. It seems the only stone unaffected ^^^^\ 
by the smoke of London ; and therefore the greater num- ^^^^"^"^ 
ber of its buildings, St Paul's among the rest, are of this PortUnd. 
stone. It must, however, be sawn by the use of sand and 
water ; and, being of hard texture, is much more expensive 
to work than the softer oolites. There are between fifty 
and sixty quarries on the island. The best are said to be 
those on the north-eastern side ; but, like all stone, there 
is good and bad in every quarry, and everything depends 
on the selection. It is said, when Sir Christopher Wren 
built St Paul's, he had this stone qiuirried, and exposed 
to the weather on the sea-beach for three years, before he 
suffered it to be used. A very excellent limestone for 
walling, especially for Gothic work, is that called Kentish KentiBh 
Rag. It is found in large quantities in the neighbourhood ^S* 
of M«dstone, and is very hard, and worked, like granite, 
with large hammers instead of the saw. Jambs, strings, 
and mouldings are sometimes worked out of it, but the 
hardness makes the work expensive. Of siliceous stones, Flint, 
flint is sometimes used for rough walling ; but in England 
this work is done by the bricklayer, and not the mason. 
(See BuiLDiNO, p. 146.) 

17. The only remaining class is that of the J9ietomof79Atc Metamor- 
rocks^ of which the crystalline and saccharine, and the ser- P^^^ rocks, 
pentinous limestone are used ; but these are all species of 
marbljes, and used more as ornamental than as constructive Marble, 
building-stones, and need not be dilated upon in this article. 

The Durability and Causes of Decay in Stones. 

18. The causes of durability of stone, and the corre- Dnrability 
sponiient causes of failure and decay, are either chemical or of itones. 
mechanical, and may be described either as decomposition 

or disintegration. Durability also depends much on the 
power of resistance to wear. 

19. Decomposition is caused by some of the elements ofDeeompoei- 
the stone entering into such new combinations with water, tlon. 
gases, or acids as render them soluble either by the air or 

water. Granite, though the hardest of building-stones, is 
liable to serious decomposition when the feldpars are alka- Alkallei. 
line (see art. Gboloot, vol. xv. p. 136), and will unite 
with water or acids. Some qualities of this stone are rapidly 
decomposed by the sea. The same b the case with many 
of the limestones, as is described in the article above 
quoted, page 151. Stones containing iron are also liable OzidM of 
to decay. In its native state it is usually in a low state of iron, 
oxidation, and is liable to be acted upon by additional 
quantities of oxygen or carbonic acidi This sort of decom- 
position is much increased by being alternately wet and 
dry, or by frequent changes of temperature. Stones, how- 
ever, containing iron in a high state of oxidaUon, as rosso- 
anttco, porphyry, &&, do not readily become decomposed. 
The most curious discovery of modem times is with re- 
gard to the noagnesian limestones and dolomites. These Magnesia, 
were chosen for the new Houses of Parliament on account 
of their durability. The work at Southwell Minster, 800 
years old, bears every maiic of the tool to the present day, 
and every circumstance seemed to justify its selection. It 
appears, however, that magnesia has a great aflinity for 
sulphur ; and tlie consequence is, the sulphurous acid which Salphuroai 
is present in such quantities in the smoke of London, has scids. 
already caused serious decomposition in that building, as 
well as in the Lincoln's Inn Hall. This add has also so 
much effect on the softer limestones, that the fit>nts of 
several important buildings, Buckingham Palace among the 
rest, have been obliged to be painted, to save them from decay. 

20. Disintegration, as has before been said, is the separa- Dlslntegra 
tion of parts of stone by mechanical action. The chief cause tlon. 

is the freezing of minute portions of water which get into tlie Fressing. 
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pores, or fissures, or netween the laminae of stones, and 
swell slowly as crystals of ice are gradually formed, and 
consequently burst open the pores, or split the grain of the 
stone. The south sides of buildings, in northern climates, 
suffer more than others, as their sur&ce becomes thawed 
and filled with wet in the day, and frozen again at night, 
more frequently than the others. A very common error 
in the present day, is the not taking care to set stones with 
their laminae, or grain, or, as the workmen call it, *' bed,** 
in a horizontal direction. If work be *^ ftce-bedded," the 
action of the weather will cause the laminae to scale off, 
one afler the other, just as the leaves of a book fall over, if 
the volume be placed on its back in an upright position. 
For fuller illustration of the subject of decay and decom- 
position of rocks, we must refer our readers to the article 
MinebajjOOical Scixnoe. 

21. Resistance to wear is another obvious cause of dura- 
bility ; but this depends rather on the toughness tlian the 
mere hardness of material, a quality often attended with 
brittleness, as also on its situation. The crushing weight 
of Portland u about 10,000, while that of York is about 
12,000, or one-fifUi more ; but in many situations Portland 
steps will last much longer than York. Again, the crush- 
ing weight of Peterhead granite is about 18,000, or not 
quite double that of Portland ; whereas, if used as street- 
paving, it would outlast six sets of the latter. 

()f Mortars and Cements. 

History of ^« The use of some material, not only to cause stones 
mortars to adhere together in building, but to fill up crevices be- 
and ce- tween them, and irregularities in bedding them, is of the 
ments. remotest antiquity. The earliest mention of mortar is in 
Genesis xii. 3, where the builders of the Tower of Babel 
are said to have had " slime for mortar," which the LXX. 
called aa^aXroi (bitumen) and m^Xos. Herodotus (Clio, 
1 79) tells us the walls of Babylon were built of bricks, 
cemented together by hot asphalt. The Eg3rptians used 
mortar of lime and sand, almost exactly in the proportions 
we do, as was proved finom an analysis of some taken firom 
the p3rramid of Cheops. The Grecian mortars and cements 
are very fine and strong. Vitruvius gives careful directions 
how to make mortar (lib. 2, ch. 5), and his instructions are 
probably the best, and his observations the most sound, of 
any author, at least till the time of the researches of Vicat 
and the French chembts. 
DeflDition. 23. Mortar is generally considered under two heads ^ as 
common mortar, or that mixture of lime and sand ordinarily 
used in building ; and hydraulic mortar, or that which wiU 
set under water. Cement is a name siven to the produce 
of certain argillaceous stonesy after calcination, which will 
set rapidly in the air, and become a hard, adhesive sub- 
stance in a short time ; and which will also set under water, 
both without admixture of any other substance. The name 
is also given to certain artificial imitations of these sub- 
stances, possessing the same properties ; and besides, to 
various bitmninous, or oleaginous compositions, used in 
building for similar purposes. 
L<im^. 24. Pure lime is an oxide of a metal called caldum, but 

does not exist in a natural state* It is, however, found 
abundantly in the conditions of carbonates and sub-car- - 
bonates, in chalk, and the various other descriptwns of lime- 
stones. Its chemical qualities and analysis will be found 
under the proper heads. The first thing is to drive off the 
water, which all limestones contain in a greater or less 
degree, and the carbonic acid gas, which is done by calcin- 
ing or burning in a kiln at red heat, which must be kept 
up for severe hours, taking care, however, to avoid any 
approach to vitrification. By this process it is slightly 



diminished in bulk, and it loses nearly half its weight, and Materia.* 
becomes caustic lime. used in 

25. Limes are generally classed, since the publication of ^^fonry. 
the work of Vicat, as— 1. rich limes ; 2. poor limes ; 8. limes ^^"•V**' 
slightly hydraulic; 4. hydraulic limes; and 5. eminently Olassifica- 
hydraulic limes. In treating of mortar, we have to deal ^^°- 
with the first two of this division. 

26. The lime must next be converted mto a hydmte. Production 
This b done by a process called ^'slacking," or throwing of ^r^n^^ 
water over it from time to time till it hisses and cracks 

with considerable force, and some noise, gives off a large 
quantity of hot vapour, and fiills into a powder. The rSh 
limes, which are the purest oxides of calcium, increase to 
double their bulk in tbe process. The poor limes swell to 
a much less degree. The hydrates thus formed absorb 
water, and easily take the form of a paste. They contain 
rather less than one-third water to two-thirds lime. In this 
state, if treated with pure water, frequently renewed, every 
particle of rich limes, and very nearly the whole of the poor 
limes, will be taken up in solution. In the process of 
slacking, too much water should not be used, as it ** drowns" 
the lime, according to the expression of the workmen. 
When in the form of paste it begins to absorb Uie csrbonic 
acid, which, though no component part of air, is always 
present in it, in large quantities ; and gradually to crystallize 
again, and so to harden. If the air be excluded fin>m the 
hydrate of pure lime, it may be kept for almost any length 
of time. Alberti (lib. 2, cap. 2) says that he once dis- 
covered some in an old ditch, which, firom certain indica- 
tions, must have been there 600 years, and was as soft as 
honey or marrow, and as fit for use as it could be. 

27. The rich limestones give a white lime, which easily Rich limo* 
shicks, and increases in bulk ; but it is curious that, though 'tonea. 
the stones differ so much in outward appearance and in 
texture, the lime, if they be well burned, is the same. The 

softest chalk, and the hardest rag-stone, or marble, yield an 
equally good lime, the calcium which they contain being 
the same mineral. But as chalk generally contains water, 
irregularly distributed in some places and not in others, and 
as it is does not exhibit the change that marble or stone 
does, it is frequently unequally burned, and therefiire slacks 
imperfectly. It is said, however,' that lime, made from 
chalk absorbs the carbonic acid more rapidly than that 
made from stone ; but our own experience aoes not warrant 
this conclusion. 

28. Poor limestones are those which contain tUica, mag- Poor limc- 
nesia, manganese, or metallic oxides. In consequence of *^''^*' 
this they are more liable to vitrify in burning, and do not 

slack so fireely. The lime is generally of a browner colour 
than that from rich limestones, which is said to be a proof 
of the presence of the above-named metallic oxides. I^ 
however, they be ground so as to fecilitate the slacking of 
every psirticle, and if used immediately it b made up^ poor 
limes produce a mortar which becomes harder than that 
from the rich limes, and which resists water better. In 
fiict, works where the latter have been used, have been 
found to fad entirely by the action of running water, 
which, as before has been said, will continue to remove the 
whole of a rich lime, particle by particle. 

29. It is found that the mixture of some kind of hard ^*® ^ 
matter in particles or granules facilitates the setting of "^^ 
mortar, renders it harder and more adhesive than when 
used alone, besides the saving of limestone and expense of 
burning. The harder tliis material, and the sharper the 
particles the better, as the brick or stone has always some 
irregularities on the surface, into which these angles or 
sharp points may enter, and form what is called a key. 

The substance most generally used is sand, which is gene* 
rally classed as river-sand or pit-sand. The former ia 
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generally preferred, as it is more free from any earthy 33. In addition to those which we have called hydraulic Materiait 
matters, particularly soft loams or clay. If pit-sand be limes, there is a peculiar class of stones, which, when burned ^^^ ^^ 
used it should be well washed. Scarcely any material is and pulverised, may be used as a species of mortar, with- ^^^^^7* 
better than crushed quartz, or flint, from the sharpness of out admixture of sand or any similar substance ; and which ^""^^^^^"^ 
the angles of the particles ; in fact, it is said, that very sharp will not only set rapidly under water, but will acquire an Cements 
sand, with an inferior lime, will make a more adhesive unusual degree of hardness and tenacity. 

mortar than soft sand with the best Irme. For observations 34. These are called natural cements. The inventor is Nataral 
on the practical mixing of mortar, see Buildikq, p. 140. supposed to have been a Mr Parker, at any rate that gen-^<"<'°^- 

30. Where sand is scarce, other materials may be used, tieman took out a patent about sixty years a^ for what he 
the principal and cheapest of which is burned clay. The called Roman cement His material were tliose argillo- 
Romans used this extensively in the form of pounded brick, calcareous nodules, or septaria, which are found in the Isle 
At present the custom is to throw up clay mixed with any of Sheppey, and commonly called bald-pates. They con- 
fuel in loose heaps, and bum it slowly. The French writers tain about 70 per cent, of carbonate of lime, about 4 per 
at one time asserted that burned clay, if not equal to pozzo- cent, oxide of iron, 18 per cent, of silica, and 6 or 7 per 
Uino, was very nearly so ; and large quantities were used cent of alumina. The process is simply to break the 
as hydraulic mortars at various public works. Where the stones into small pieces, and bum them in mnning kilns 
water was fresh, as at Strasbourg, the work stood very with coal or coke ; they are then ground to a powder, and 
well ; but where these mortars were exposed to the action headed up into casks for use. The success of Parker's 
of sea-water, they failed and went to powder in three or cement led to experiments in other places, and the same 
four years. Vicat gave great attention to the subject ; and process was carried on with other argillo-calcareous nodules, 
though he attributed much of the fault to the imperfect as the septaria at Hawick ; those in Yorkshire, which pro- 
carbonization of the materials, it appears with but little duce the cement called Atkinson's; and those in the Ue 
doubt there is some inherent difference between the pozzo- of Wight, which produce the Medina cement Similar 
lanos and other volcanic products, which will be treated of substances were also discovered, and the same processes 
shortly, and those produced artificially.' carried on in France and in Russia. All these cement- 

31. The vitrified refuse of furnaces, called slae^ and the stones effervesce with acids, and lose about one-third of 
scorise from the iron-works, have also been crushedfand used their weight in burning. Parker considered the more 
instead of sand ; and with lime slightly hydraulic, produce the stones were burned short of absolute vitrification the 
good mortar. The former is preferred to the latter, as better; but this is not the practice in the present day, 
having sharper and harder particles, and containing much though no doubt sound in theory. When taken from the 
less iron. Coal cinders have been used, and seem to have kiln these stones will not slack witliout being pulverized ; 
some hydraulic properties ; tliey should, however, be em- and if kept dry, and not exposed to the air, the cement 
ployed with caution, for it is considered they make the lime will be good almost any length of time; but it rapidly 
*' short" Wood cinders are too alkaline to be used with absorbs both water and carbonic acid if not carefully closed, 
safety. A very excellent mortar, much used by engineers and falls back into a state of subcarbonate, from which it 
in tunnels, is composed of one part of moderately hydraulic is said it may be recovered by firesh burning, but it is 
lime, one part of coal ashes, one part of bumed clay, and two doubted whether it is ever so good as on the first cal- 
parts of sharp sand. cination. 

32. The vitrified.and calcined products of volcanoes make S5. The great utility of these cements, and the expense Artificial 
most excellent materials for mortars, particularly where of obtaining the stone, induced the manufacturers to en- cemeDtt. 
required to be eminently hydraulic. The principal of them is deavour to discover some method of making an article by 

the PoflEZolano, which abounds in Italy. It is called so from artificial means which should resemble the natural cements 
being found in great abundance at Pozzuoli, near Naples, Mr Frost seems to have been the first who attempted it on 
and is, in fact, the basis of all the best Roman mortars, a large scale; but though assisted bv the talent and science 
ancient as well as modem. It varies in colour from reddish of General Pasley, the results did not come up to the 
brown to violet red, and is sometimes grayish. It is usually expected standard. Of course, the object was to pro- 
sent to England firom Civita Vecchia. It has a roughly duce an argillo-calcareous substance, oontaininff the same 
granulated appearance, and sometimes resembles a cinder chemical qualities as the natural nodules, imd which might 
in texture, and has frequently a spongy appearance. Acids be bumed in kilns as they are. The attempt to combine 
have little effect on it, and it is not soluble in water. A argil in the form of bumed clay, to be mixed with lime 
similar earth is found in the centre of France. But one instead of pozzolano, had partiaUy failed, as has been 
more fiuntliariy known in this country comes from the stated before. Our space wdl not allow us to relate the 
village of Brohl, near Andemach, on the Rhine ; this is various experiments by General Pasley here, nor by Vicat 
calM terrass or trass. These materials have a wonderfid at Meudon in France. They were all based on the prin- 
effect in rendering even the rich limes eminently hydraulic, ciple of mixing together, in a mill, with a quantity of 
and in less proportwns improving the hydraulic limes. Vicat water, masses of chalk and day, just as the brickmakers 
says, these mortars begin to set under water the first do for the production of malm bricks, but in the propor- 
day, grow hard in the third, and in twelve months are as don of about four of the former to one of the latter. The 
hard as the bricks themselves. The mixture of common fluid mixture u run out into shallow receivers, and when 
lime with these materials, according to the French writers, dry is cut into small blocks or lumps, and bumed exactly as 
should be 1 of pounded lime to 2i of pozzolano, or to the natural nodules are. The difficulty seems to have been 
2 of terrass ; or 1 of lime to 1 of sand ana 1 of pozzolano. to give the materials the full degree of calcination short of 
The analysis given by them is nearly as follows :— vitrification. This seems to have been at last attained by 

T«mM. Pouotaao. the inventors of the Portland cement, so called from its Portland 

fiUka, per cent... 67 44 near resemblance to Portland stone in its colour. It not cement. 

Ltoa "* 8 8 ®"'y possesses the property of setting more quickly, and 

Maira«ii» '..."!!!!".\..........^*..,.'.**...^^^^ 1 4 has greater powers of cohesion than the natural cements, 

Ozlda qf Iron.!!! . ...../...... 1 ...!'.....'.., 6 12 but it may be used with a superabundance of water in the 

^ After long inveitigation, Vioat waa of opinion that this fUlttr« was due to the qoantlty of hydro-chloride of magnesia always pre- 
sent In sea-water; bat in what way this affected the burned clay and not the Tolcanic products, he was unable to explain. 
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form of. grout, which they cannot; and, above all, it seems 
to resist the action of sea- water beyond all others. It also 
forms a very superior cement, as is described hereafler. 
From a series of trials made on the Portland cement, manu- 
factured by Messrs J. B. White of Millbank, it appeared it 
required more than two tons to separate two blocks of 
stone 6 inches cube, which had been put together with a 
joint of Portland stone, one-eighth to one-fourth inch thick. 
This gives a resistance of 146 lb. per inch of sectional area, 
that <^ Bramley Fall being 76 lb., and Whitby stone 57 lb. 
Its power to resist compression was tested on blocks 9 
inches square and 18 inches long, the pressure being exerted 
on their ends. Tons. 

Roman cement, and two parts Hind, bore.... 5*33 per sq. foot. 
Portland do. and three do. do.... .44 „ 

Roman do. pure 60 „ 

Portland do. and two parts sand 80 „ 

Do. do. pure 146 „ 

36. A class of cements capable of taking a brilliant polish 
resembling marble, and consequently very suitable for in- 
ternal decoration, had lately been invented. The chief of 
these is Keene's marble cement, and the Parian cement. 
They become excessively hard in a short time, and are 
capable of being painted in a few days. The principal 
component part is said to be obtained by the precipitation 
of alum by an alkali, which gives a white powder of great 
brilliancy. It is, however, more matter for the plasterer 
than the other building trades. 

37. Cements made by the mixture of oil with various 
substances were formerly much used both here and abroad. 
The best known in England was called Hamelin's mastic, 
that in France the mastic de Dhil. These cements being 
very expensive, and requiring to be constandy painted, 
have now gone nearly out of use. For outside plastering 
they form a very fine clean surface, as may be seen in the 
quadrant in Regent Street. 

38. The asphaltum, or mineral pitch (see Asphaltlm), 
have lately come into extensive use for pavings, and for 
covering the backs of arches, or rendermg the walls of 
basements where wet is likely to soak throueh. The best 
is said to be that from Seyssel, in France. JPor their che- 
mical properties see BrruiosN. It b used thus — A bed of 
concrete, made of the best hydraulic lime, is first prepared, 
and made fair at top by a rendering of similar mortar. 
The asphalte will not dissolve with heat by itself, but will 
calcine in the caldron. A small quantity of pure mineral 
pitch is therefore first put in ; when hot the asphalte is 
added, and soon dissolves ; into this is stirred a quantity of 
powdered stone-dust, and a small portion of quick-lime. 
1 he mixture is then laid hot on the bed of concrete (which 
must be quite dry), and spread close and fiur, some sand 
being sprinkled over the top and well trowelled in. The 
best proportions are said to be about 2 pints of mineral 
pitch to 10 lb. of asphalte, and one-fourth bushel of stone- 
dust. A very inferior imitation is made by mixing a quan- 
tity of sharp sand with gas-tar, heated in a caldron, and 
then adding some quick-Time. This may do for rendering 
walls, &C., to keep out wet, but is of very little use in paving. 

U.--OF THE PBIHCIPLES OF STABUJIT AKD STRENGTH 

IN UASOXBT. 

39. The strength and the stability of stone- work depends 
pardy on its mass or weight, and partly on the resistance 
of the materials. And, since we cannot imagine incom- 
pressible fulcra, nor that the materials of masonry are in- 
finitely hard and inflexible, as writers on elementary me- 
chanics consider them to be, therefore, it is essential tiiat 
the resistance of materials should be conndered, and the 
clTect of their weight allowed for in estimating the power 
of the straining force. 

The resistance of stones being dependent on their state 



of aggregation, and not on the hardness or dennty of their Prindples 
elementary parts, their comparative strength cannot be^^^^^il^^} 
judged of by these Qualities ; indeed there are few kinds of ^^^ . 
materials of which tne resistance is so uncertain as that of v °^ ! 
stone, and hence, it is not at all adapted for any support 
where its resistance depends on its cohesion only, unless 
it be very carefully examined, and abundant strength be 
allowed. The resistance cf stone to compression is 
less affected by its irregular nature, particularly as it 
is usually employed in blocks of inconsiderable height; 
and, in genersl, there is scarcely any reason to be sparing 
of a material which it is often more expensive to reduce 
than to employ in large blocks. When, however, works of 
great magnitude are to be constructed, the weight of the 
materials themselves forms the chief part of the straining 
force; and, consequently, in such cases it becomes desirable 
to form a tolerably accurate estimate of tlieir power. 

40. This power is limited by a property of bodies that 
has not received that degree of attention which its import- 
ance would lead us to expect. We shall in this place make 
it the basis of an investigation of the power of materials to 
resist a force applied in any given direction, and show its 
application to some of the cases where a mason is most 
lilcely to need the assistance of calculation. 

When any material is strained beyond a certain extent, 
every time the strain is increased to the same degree, there 
is a permanent derangement of the structure of the material 
proouoed ; and a frequent repetition will increase the de- 
rangement till the parts actually separate. (See the article 
Carpbntrt.) When a small bfuie rests upon a considerable 
mass of matter, as a pier on the ground, the quantity of 
derangement will increase only till the mass be compressed 
to that degree which renders the increase insensible ; but 
in many cases a number of years will elapse before the 
settlement becomes insensible. 

41. The strain which produces permanent derangement 
in the structure of a material 
varies firom one-fourth to two- 
fifths of that which would de- 
stroy its direct cohesion. In 
stone the lower value should 
be taken, on account of its 
being subiect to so many de- 
fects ; andC for the present, let 
this strain be denoted by /lbs. 
upon a superficial foot. 

42. Imagine ABCD to be 
a block, fig. 1, strained either 
in the direction £F or F£, 
by a force W ; and let BDF 
be a line drawn in the same 

plane as the direction of the straining force, and perpen- 
dicular to the axis a 6 of the block. Now, if we consider 
the resistance of the block to be collected at the centres 
of resistance I and e^ tlien IF will represent a lever acted 
upon by three forces ; that is, the resbtance at t and c^ and 
the straining force at F. 

If the angle FEj^ be denoted by a, then the effect of the force 
W, reduced to a direction perpendicular to the lever, will be 
expressed by cos aW. ...,••.• (I.) 

Also, if T be the resistance at t, end the resbta&ce at s, we 
shall, in the cese of eqnilibriiim, have G—Ts= COS cW. . . (2.) 
And, by the property of the lever, 

^^ = Wcoe« (8.) 



— if 




Hence, 



— =s^ 1 
"eP f" 



(*.) 



48. Without stopping to notice some maums furnished 
by this equation (see the artide Bbidox), we will proceed 
to explain the notation used in the investigation which 
follows :— 
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■ 1 = tha length AB. 

J d=a Ibi daptb BD. OMMared lo tbi nma plan* u tlii diractlon 
of ths MralD. 
( =3 tha brwdth. 

• ^ tha dlitanca of tha naatntl point « tram tha uli at. 
)r ^ tha diituica of the point g hum tha uilj at. 
p (H— ■)! uid i>[}i+i) the reapactW* dbtuicaa of tha cantraa 
or rarittaoM ( and a from the nantnl point ; and, oonta- 
qnantlj, 
pd^ tha dlManea, tt, between tham. And, 
f(^—t), and 0(}rf+'} thanapecti*e dlilanee* of the eantrea 
Vt gravitir of tha aactlona Into which the neutral axU 
dlvldat the block, eannted from the uaatrml pglnb 
The lararaga <F, axpraHcd In thii notation, will be 

+ r~iP<' + (--p)*( cMueqnentlj, aqiutlon (4) baooma* 

(«■) 
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44. Now, it hu been showii, by writers on the reaiatonce 
of tolidg, that the reustance of any section, collected at its 
centre of preuure, is equal to its oohesive ibrce multiplied 
by the distance of iU centre of gravity from the neutral 
axis, and divided by the distance of the point of greatest 
■train from the neutral axis. (Emerson's Meckania, prop. 
77, 4lo ed.) 

Aooordlatflj wa have =^iM+^ (8.) 

A«d '=-^^^8t^ t^) 

Therefore ^ = |*^t*?| j wbioh being lobatllatad In equtlon (B), 

wa obtain 

(%,-S>»-2.(!^+,)+J^. = , <8.) 

IT the bkwk ba raotaagnlarps-, and tharalbn thadtatanee 
of tha MDtrel point trvm the axli la 



"(-S^-')- 



{90 



4<S. The value of z for a rectangular section being deter- 
mined, the magnitude of the straining force is easily found, 
so that it may not exceed the power of the material ; for, 
by the properties of the lever — 

Weoa«=B .^5 J Md dnoi 0=fhg(\d+,) 

by equation (6), and 

■ by eqaatioB (9), and f ^1 by theflnmof 



Whan the atr^n bMOoue traaavaret, or whtn I 
dicnlar to tha axis, ai in fig. 3, 
then ooa a^o, uid ato a=l, 

b.rair=^ ■ • • ("■) ^ 

If the block be mpportad at 
the enda, and tlie load be ap- 
plied In (he ntddia of the 
length, aa In flg. ^, the (He- 
ture wUl take plooa at BD ; end 
W in eqnaUoD (14) will bo 
tha preaaure on either aupport, 
which i« obvloodj half Um load 
In the middle. 

47. In any of these equa- 
tions it is perfectly immai- 
terial how the load be dis- "■" *■ 

trihuted, provided the fme of direction be that which paasea 
through the centre of gravity of the mass supported, and 
the weight be the whole 
weight of that mass ; or, 
if the strun he the com- 
bined effect of several i 
pressures, then the di- j 
rection must be that ] 
of the resultant of these 
pressures, as determined 
by the principles of me- 
chanics. (See the 'ar- 
ticle CABraNTBT.) 

IB. If a slab of nqaabla thteknoM and width bo anpportad along 
two of ila ddae, ai at AO, AB In fig. fi, and it be atrained by a force 
acting at D, In a direction per. 
pendicalar to ita anrfaoe, aod DB 
bo made equal to DB, tban the , 
fractnre will take piece la tba 
dlreoUoD EB } fbr It Bay bo ahown, 
by tha priaoiplee of the maxim* 
and minima of qnontitlea, that the 
reilatanee, aeoordlng to that line, : 
la a minimum. And rinoe, In that 
eaae, £B = 9 FD, wa afaoll fakT% 1 
by oqoation (U), W=:^ . . . ■ (16.) 

A force cnlformly dlffnsed o*or tha nuAee of tha alab wonid 
fractnre it In the direotlon OB, ihown by a dotted line In the fignre, 
and If w be the low! In ponndi upon a aqnara foot of tha larfaca, then 
tha proper *aliua being aubiUtnt^ for tha leverage and breadth in 

— ("^-'^^^^ <«■) 

The strength ^ a Mrlea of staps bearing upon one another, aa In 
tba parapeotiTe akatch (flg. G), may be determined with iufldent 



"(mf-') 



the section, wa have 

W = 



W=- 



/M* 



— j- 



as.) 



ncs^ 

Ml Bcolomn 



d eoa a+Sl^a + Oy ooa a ' ' ^^**' 

46. Id particular eoaee thil formnla baoomea 

more ilmide ; aa, for example, whan the dlatance 

of tha point f Trma the aila at ii o, that li, when 



(11.) 



d ooi a + 6t ain a 
In a oolnmn or pillar the soetloa of greateet 
■train will b« at the mlddla of the leotfth, aa at 
BD to flg. S; and the direction EF of the 
•tr^nlng farce ia nanaliy paidlel to the axis ; 
and than ain a ^ a, and co« a = 1, and tbara- 

/W» 

5+^ 

Whan tlia dlreeUmi of the itr^ning foroa eo- 
Incidee with the aila, or when y = a, the atroln 
or pillar la aipratoed by tha oqnatloii W e=/M (1S.J 
atlon* apply alio lo tanilla foroaa. 



aoBarai7 by the last aquation, auppoalng tba doptfa to be the mean 
vertical depth of any one itep ; aa, for example, taken at QH In 
flg. 7, tha Dgnra showing tha enda of the atapa. 

49. The case tt> which equation (14) applies, affords the 
most convenient, as well as the most accurate, means of 
determining the value of / for any material ; and, suppoa - 
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Prindplw ing it to be one-fourth of tbe abaolute cohesion (§ 34), the one end appear to have been injured in fixing, and only a Principle* 
of SubUliT lut column of therollowtng table ofexperitnenU gives its calculated rewilt is given for the other spedment tupported of StabUitj 
•nd «t both end*. As to tbia, lee the article on the Stbznoth „ ^'^ , 

*~»e*; or Matehials. ^i5 

"■^"^'^■^ 50. Several experiments have also been made, with the ■' "" 

intention of measuring the direct resistance to extension or 
compression ; but theory indicates so nice an adjustment 
of the direction of the straining force as necessary in these 
experiments, (bat the reader may expect the results to differ 
■s widely amongst themselves as they are found to differ 
from theoretical calculation. 

The experiments, Nos. 3, 4, 5, 6, and 7, are extracted 

from Rondelet's L'Art de Bdlir (tome i. p. 812), Nos. 1 

value fer various stones, mortars, Ac, in the nearest simple and 2 areby Gauthey {Roziei's Joiaiiat de P^aiqve, tome 

numbers under the calculated value : — iv. p. 414.) 



Tabu I. — ExpmmenU on the Traniverte Strength of Slonet, Ifc^ 
Equation (14). 



olhe Cote 



51. In the resistance to actual 
fracture, from a compressive fiirce, 
the Joint eflect of cohesion and 
friction is concerned, and, there- 
fore, a much greater force is re- 
quired to crush than to tear 
asunder the same quantity of ma- 
terial. Tbe resistance to fracture 
might be investigated on prin- 
c'^les analogous to those we in- 
tend to employ in determining 
the pressure of earth against re- 
taining walls, &c. (See the article 
Carpkntst.) But we conceive 
that it is neither prudent, nor 
useful, nor necessary, to load the 
parts of a structure beyond that 
limit we have made the basis of 
our investigation. (See { 34.) 
Rondelet has observed, that the 
load under which a stone began to 
split was nearly always two-thirds 
of that which crushed it; but that 
stone of some kinds began to split 
with half the load that crushed it 
(L'Art de Bdttr, iii. 86 et 101). 
The value of / should, therefore, 
not exceed one-&urth of the force 
which splits stone t and, supposing 
the splitting force to be always 
half the crushing one, we shall 
have /= one-eighth of the crush- 
Numbers 18, 19, and 20 ore from Barlow's Euayonihe ing force. 
Streiiffth tf Timber (p. 250), each being a mean of three 62. In this, as m the preceding tables, the reader will 
trials. Number 23 is from Rondelet's Traiti de FArt de observe, that the results of all experiments are given in tbe 
AVt> (tome iii. p. 377), lowest result; the rest of the ex- original weights and measures ; but that the vJue of/ and 
perimenta were made by the writer of this article. tile weight of a cubic foot are in English pounds avoirdo- 

pois, and for an English foot. 
Table II. — Experiment* on tht Dire<^ ReiittaiKt <f Simut, l^e^ to the Cote The foreign weightj and mea- 

Equation (13). surea are distinguished by 

tbeir foreign names. 

The experiments, Nos. 1, 

21, 22, and 86, were made 

by Gauthey (Rozier, Journal 

de PhjftiquB, tome iv. p. 406). 

Those numbered 8, 4, 5, 8, 

9, 11 to 20, 30^ 31, 32, 34, 

37, 38, and 89, wae made 

by Mr George Rennle (Phi' 

lo$<^hioal "DrfOuaetioiuioT the 

year 1818). The others were 

made by Rondelet (TraiU de 

FArt de Bitir, tome L and 

tome iii.) We have selected those iriiich will be most 

useful, with others of a more interesting and curious 

lucb are Rondelefs experiment* on tbe efiect of 
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66,000 
73,000 
78,000 
M,000 
«,000 
80,000 
36,000 
28,000 
26,000 
H^OOO 
26,000 
23,000 
24,000 
17,000 
101,000 
414,000 
346.000 
8,900 
6,900 
7,800 
12,000 
9,300 
1,400 
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Mortw from an old eaitU In 1 
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Mortar In tha joinU of two \ 
tneh ealM* of lUna, on* \ 
moDth after b«Ingji>bl<d....j 
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rooL 


sja^ 
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GlnDith 






147 lb. 
130 „ 


96 Unas 
S24 „ 

IpoiUM 


164UTni 

76 , 
64 „ 
138 « 

1*1 „ 


8,4001b. 

1,180 „ 
1,200 , 








AdbMloD of mortw to llu (tone, joined lii monthi 

Adhadon of mortar to brick, jolnad lix months 

Adhaalon of mortar to tUs,JoUwdiU months 



We have not here availed ourselves of the experiments 
of Gauthey (Rozier's Jovmalde Phytique, tome iv.) on the 
transverse strength ol Wmes i because those be fixed at nature 
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beating mortar, the strength ana 
density of ancient mortar, and' 
the resistance of stones used in 
ancient and in modem struc- 
tures* 

53. It was observed by M. 
Rondelety in the course of his 
very numerous experiments, that 
it was not the heaviest stones 
which offered the greatest de- 
gree of resistance to compres- 
sion, but those of a fine even 
grain and dose texture, with 
a deep colour ; that of granites, 
the most compact and perfectly 
crystallized was the strongest 
(LAri de Bdtir, torn. i. 213, 
216) ; and that, when all other 
qualities were the same, the 
strength was in proportion to 
some function of the specific 
gravity. 

The writers who have contri- 
buted to our experimental know- 
ledge of the strength of stones 
are not numerous. The chief 
are Emerson, in his MeehanieSt 
4to ed., p. 115; Gauthey, in his 
Mitnoire sur la Charge que 
peuveni porter lee Pierres in 
Rozier^s Journal de Physique^ 
tome iv., 1774, and in his Cork' 
ttrucHon dee Ponls, tome i., p. 
267 ; Coulomb, in his Mimoiree 
preeenUe d tAcadSmiet 1773; 
Rondelet, in his TVai^ de PArt 
de. Bdiir^ tome t et iii. (the 
latter volume contains the ex- 
periments made by Perronet and 
Soufflot) ; Rennie, in the PhUos- 
ophieal TraneacHone for 1813, 
or Philoscphical Magazine^ vol. 
liii. ; and Tredgold, in the Phi' 
loiophical Magazine^ voL Ivi., p. 
290. 

54. The last colunm in each 
of the thiee tables o^ experi- 
ments shows the greatest load 
that we suppose should be borne 
by a superficial foot of the dif- 
erent kinds of stone contained 
in those tables. We now pro- 
pose to give the results of some 
calculations respecting the ex- 
tent to which stone has in prac- 
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Table III. — Experiments on the Resistance to Crushing, 



No. of 
SzpU. 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
23 

24 

25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 

45 

46 
47 
48 
49 
50 



Satwtanee Tried. 



Porphyry, 



Oraalte, Aberdeen bine 

„ Peterhead, hard and oloie grained 
Gornieh 



19 

n 



Weight of 

aCobfo 

Foot. 



g^y 

„ roee oriental .. 
Marble, white statuary 



n 



n •» 

„ veined white, Italian 

„ variegated red, Devonshire ........ 

Dundee tt<me 

Oraigleith stone, with strata 

w >• 

Bramley Fall sandstone near Leeds 

with the Btrato 

Portland stone 



'.] 



Calello white sandstone 

Yorkshire paving stone ........... 

Hard stone of Givry 

Tender stone of Givry 

Saillanconrt stone arches of bridge of 

NeuiUy 

Foomeaoz stone pillars of All Saints at 

Angers 

Bagnenz stone pillars of the Pantheon ) 

at Paris J 

Stone bridge of St Maxence 

Caserti stone, in Italy 

Stone of temples at Passtam 

Travertlno, ancient buildings at Rome.... 
Derbyshire grit, a friable red sandstone... 

„ „ from another quarry 

Roe stone, Gloucestershire 

Tufa, from Rome 

Chalk 

Pumice-stone 

Brick, hard and well burned 

pale red 

red, meftn of two trials 

Stourbridge fire 

Mortar of lime and sand 18 months old . . . 

16 years old 

not beaten 18 ) 

months old J 

Mortar of lime and pl^sand^ 18 months old 
beaten togetiier, 18 months old .... 
of lime and pounded tiles, 18 1 

months old / 

beaten together, 18 months old 

„ 16 years old 

from an ancient wall at Rome 

ftom the Pont du Gard 



99 
» 
tf 









99 



99 
19 



9> 



Lastrlco, brought from Naples 



tice been loaded. The foreign 

ones are reduced to our own weights and measures, and the 

whole stated in round numbers. 

The pillars of the Gothic church of All-Saints at Angers, 
of the stone. No. 24, Table III., support on each superncial 



lb. 
17944 
174-9 
164*06 

166-37 
171-06 
166-32 
172-5 

168.37 
170-37 

158.12 
153-25 

• • • 

156-62 
151-43 

151*43 
156-68 
147-31 
129-43 

141.31 
160-68 

137-12 

156-25 
169-87 
140-87 
147-37 
144-75 
151-75 

76-00 

87-81 
97-31 
130-31 
135-5 

118-31 

... 

101-56 

99*25 
118-93 

91-06 

103-93 

89^37 
93-75 
62-5 



Area of 
Spoelaen. 






20 lines 
4 pouces 
2*25 inch. 
2-25 
2-25 
4 pouces 

4 „ 
2*25 Inch. 

1 

4 ponces 

2-25 Inch. 

2*25 

225 

2-25 

2-25 



M 



N 
l> 
99 



2-25 

2-25 
4 

225 
2*25 
324 lines 
576 „ 

4 pouces 



^ »» 

25 centim. 

4 pouces 

4 
4 

2-25 inch. 
2-25 
2-25 
4 pouces 
2-25 inch. 
4 pouces 
378 lines 
2-25 Inch 
2-25 
2-25 

4 pouces 
4 



It 






>i 
>i 



4 
4 



4 
4 
4 

4 
4 



» 



>f 






f> 



»l 



fl 



$» 
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Weight that 
Cmsbedlt. 



Yalae of 
/»iofth« 
CroBhlng 
Foroe for 
aSqnare 
Foot. 



»9 



5,208 Uttss 
119,808 „ 
24,556 b. 
18.636 „ 
14,802 „ 
39,168 llvres 
52,704 
13,632 

3,216 
19,584 „ 
21,783 lb. 
16,172 
14.918 
15,550 
12,346 

13,632 

10,284 
14,918 
10,264 
12,856 
11,208 Uvres 
5,880 



11 
II 
II 



11 
11 
II 



i> 



M 



II 
II 



II 



7,280 
62,600 

6,125 kUog. 

23,380 llvres 
36,142 
13,720 
18,112 

7,070 lb. 

9,776 

1,449 

3,520 

1,127 

2,100 

5,280 

1,265 

1,817 

3,864 



II 
n 



It 

M 
11 
II 



99 



2,552 llvres 
2,864 

1,866 

2,475 
3,420 

2,896 

3,970 
4,948 
4,248 
3,090 
4,664 



II 



•I 

II 



II 



II 
II 
» 
•I 
II 



Ibw 
640,000 
500,000 
196,000 
149,000 
114,000 
165,000 
220,000 
109,000 
57,000 
83,000 
174.000 
129,000 
119,000 
124.000 
98,000 

109,000 

82,000 
67,000 
82,000 
102,000 
85,000 
25,000 

30,000 
110,000 

62,000 

97,000 
150,000 
58,000 
77,000 
56,000 
78,000 
11,500 
15,000 
9,000 
8.900 
84,000 
10,100 
14,500 
30,900 
10,900 
12,000 

7,900 

10,600 
14,600 

12,300 

16,900 
21,000 
18,000 
13,000 
19,400 
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each superficial foot of 39,000 lb.* The piers which sup- 
port the dome of St Peter's at Rome sustain a pressure on 
each superficial foot of 33,000 lb.' The pressure on the 
key-stone (No. 23, Table III.) of the Bridge of NeuiUy 
foot a pressure of 86,000 lb.' ThV pillars of the dome of has been estimated for each superficial foot at 18,000 Ib.^ 
the Pantheon at Paris, the lower pare of which are of Bag- In regard to these examples we have to remark that the calculators 
neux stone (No. 2151, Table III.), support on each super- of them have considered the pressures as onlformlj distributed 

hcial foot 60,000 lb.« The pillar in the centre of the ^T",?** P/^ ^u'^'f'A'? t^iT "f^ ^^m ''^fS !S* 
^k....*^. k^^f?!' u-u'fj j^ .. direction of the resultant of the straining force coincides with the 

chaptcr-bouse at Elgin, which is of red sandstone, supports ^j, ^f ^^ ^^^ ^, p„i„. ^^^^^ ^^^ ^^^ ^ ^^^^ 

on each superficial foot 40,000 lb.' The piers which sup- absolutely level, nor bedded In perfect contact. From these oir- 
port the dome of St PauPs in London sustain a pressure on cumstances, the strength of piers, columns, pillars, and arch-sftonos, 



1 Oauthey, Roller's Journal de PhyHqu*^ tom, iv., p. 409 ; and Oonttmction d$t Pontf, tom. L, p. 273. 

s Boadelet, L'Art S$ bdHr, torn. Ul., p. 74. * Telford, Edinburgh EneydopmiM, Art <« Bridge,'* p. 506. 

* Gauthey, Chnitru€tion dm PonUt torn. I., p. 260. 
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PrlneipUi ihoold b* eatlnktad bj Mjnatloii (12), and wiMn Um Ud* of i]lr*c- 

>f Stabilltj tioo (Uli wttbin tha pitr, klm;! making y=half tba leMt dlmta- 

aad rioD of tha aectloD, an allowuica whidi will Inelada tii* affect of 

Su«ogth. tha gTMUM pOMlbla iDtqulitj of Mtloo. Wa absll, in that cm*, 



d+ 6d~ 



'-^=W 



{170 



of awtb 
niU. 



wpaiala, If tb* wall wan to 7iald In a amall dagraa ; tb«a ARO 
vUl rapTMant tba aactlon of tha prbm of aartfa, tba piaainra at 
wblch caoaaa tha nil to ylald. 

Put W = tha waight of tha prlam AEO, wfaan Ita langth la nnity. 
R = tha rafataoea of tba ilall, wban Ita langth U nnitj, 
a = tba angla BCa, which tha plana of ftaotsra makaa with 

araiikal llna. 
a = tha angla ACa, whteh tha back of tba w«ll nakal with 

a Tartical Una. 
F = tha fHetloD of tba aarth when tha praaania I« ddI^. 
1 = tha rartical bd^t of tha wall <■ In fWat. 
aod 8 ^ tha walgbt of a enbio foot of earth, water, or otbar nat- 
ter to be lupported. 
If y ba thaoantra of ^vity of tbapiiiB of eaith, tha triangUa 
ppy, OaB. being almilar, tha effort of tba prtna to alida In the 
dlfMtion BO. radoaed for tha frletioo, wUl be 

= "'(';J.--' as.) 

Thla aSbrt la to be oppoaad b; the raalatanea of tha wall, which 
at na tuppoae to be oollactad at a, the centre of. praaaura, and, 
edodDg to tha direction OB, tha efliot of friction being allowed 



RfP+lana) „„, principle 

•eca ' ■'ofSUbillt 



(».) 



fbond that it la ioadent to ipUt tha ttonei^ and thU bat actoallj 

happened.' 

Prindplaa 55. The chief elementB of the theory of archei hare 

ofarohea, already been giren in the article Bbidoe (sect, ii.), to 

*""••• **■ which we refer the reader, at the »me time expreuing a 

hope that the excellent article referred to will be useful in 

correcting some absurd notion! respecting c&tenariaa and 

' other curvee, which are too commonly entertained. The 

conical support of the lantern of St Paul's is a tine example 

of an appropriate form, whilst the catenarian dome of the 

French Pantheon exemplifies a scientific blunder of the 

first magnitude.* 

The principles of domes, of groins, and of vaulting of 
every kind, are the same as those of arches, excepting that 
each Icind has its peculiar manner of distributing the load 
on the different parts. See prop. M and N, art. " 



OftAeprature q^ Earth, FluidM, ^ offaintt valU. 

56. When a high bank of earth, or a fliud, is to be sus- 
tained by a wall, as it is often necessary to do in forming 
bridges, locka, quays, reservoirs, docks, and military works, 
the construction is very expenNve, however economical the 
means napbyed may be ; hrace it is desirable to devote 
some space to an object of which the importance is 
manifest. 

Let BO, flg. 8, ba the llna according to which ths earth would 



Hence, In the caaa of eqntlibrlBSS, 

ff(l-Pt»D.i) R(P+Uoa) . 

VF + lan«y 

AT. Bat, In the caaa tiow eoniiderad tba radios bebg vnl^, 

W=^( tan«-tanc} Therefim, a=i 

i'S r (tan a— tan t) x (1— f tan a) "1 (S1-) 

2 |_ P4-taoa _J 

knd, from the state of the varlabla i 

■ obTloQi that It has a masimum t 
angla of ftvctore. By tba prindplM of martma aod ntnlma, the 
mailmuu preaaora tuta place wben 

l + FlMe + -^+F» 



s=-F+ Ua 



r 



F = -^-Ti and tanas 

-l.t.(tanctao'<-htan»< + tanctaD<-t.I)t (2*.) 

tani 
If the back of ths wall be vertical, tana = «, and then thi* 
iqnation redoea* to the simple fimn, wbleh Pron j obtained, of taa 

t = tanK (S4.) 

Be. Wben we anbstitQte la eqnation (31) the valoa of the 
an a, wblch has been fonnd In eqaatioo (SS), it beoooee Rss 



..(„.„,.S-%.)'j 



And when the back of tba wall Is vartlcsl, It baoomss 

R = ^(t«i*H). {«-) 

The tan t being the co-tangent of the angle of repoea. If the nat- 
ter to ba aopporiad be of SO Bnid s natnra that It natsrall/ 
aaanmes a aenaibly level aoiftca when at rast, tba tan ^ baesnaa 
equal to nnlty, and ct "" 

... (87.) 
1 principle* of 



R = 



*>8 



The same result maj be obtained flmn the o 
taf droatatlcs in tha case of floidi. 

Since the only variable quantity which entert Into tba caleala- 
tion of tha dlataoce of the centre of preesnra I* tha hei|^t A, 
whatever the natnra of tba supported material may be ; thwefore 
that distance miunled from tba base wlU always be 4I, as In tha 
praasora of fluids. 



S9. Table IV.— roU* 


ef ConttaiU QuanMtei nect$tari, 




z. 


ib: 


!SMSg 


B,ii*OJJv>i 


Water 


0* 
33* 

si- 


eaa it 
M » 
"» „ 
10s „ 


R=311*> 
R=13-8** 
R=17-e»» 
H=:I3-r7i» 


lt=3Il*> 
n=6-2*s 


Fine dry aand ... 

Do. moiit 

Quart, aand (dry) 



In sand, clay, and earthy bodies, the natural slopes should 
be taken when the material is dry, and the clay and earth 
pulverised. When any of these bodies are in a moiststate, 
the parts cohere, and the angle of repose is greater, tbougli 
the friction be actually less. The preceding table rfiowu 
that the pressure of water is greater than that of any of the 
other kinds of matter, and from the nature of fluids it is 
evident, that if water be suffered to collect behind a retain- 
ing wall, calculated to sustain common earth only, it will 



> Oaotbay, CnuimcMHt dw Pomu, lom. L, p. 273. 

* La charge ooniid^nbla qua ostta vo&ta ^valt porter i sob sommat, a ddcermloi i ehotalr poor U eourba da soa oeintra la al 
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Siicli accidents may be pre- 



Streogth. 1 



I'l'laclplM most likely be oviTturned. 

of Siabiliiy vented by making 

proper drains. --..P_ ^ ^ 

60, The preced- ■-.■■-- 
ing analysis will ap- 
ply, without sentiible 
error to the curved . ^ 
walls which have "^ 
lately become fash- 
ionable. Fig. 9 is 
a section of one of 
these walla, as exe- 
cuted from a design 
byRennie. Thever- 
tical height, AB, 21 
feet; the wall of uni- 
form thickness, with 
counterforts 15 feet 
apart ; and the front 
of the walls described 

by a 69 feet radius, pi ^ 

with the centre in 

the horizontal line DA produced. The wall is built of 
brick, and the uniform part is 4'5 feet thick. The radius 
is usually tlirice the vertical height of the wall ; when this 
proportion is adhered to, the angle e will be ten degrees, for 
which the value of R is calculated in the table. 

Retiatanee of Walls. 

' 61. In the first place, we propose to investigate the re- 
sistance a wall oflers to being overturned ; and, in so doing, 
it appears desirable that the resistance of the mortar in the 
ioints should be considered one of the elements of the 
strength of the wall. Good mortar adds much to the firm* 
ness of walls, aud still more to their durability, and, all 
things considered, its first cost is less than that of bad ; be- 
sides, the resistance of mortar to compression must be con- 
sidered, for, in practice, we have no perfectly hard arrises 
to fulfil the conditions of common mechanical hypotheses. 

Fnt A = th« am of tliB vall. 

IB ^ tbe weight of a cubic Toot of masonry. 
y^ the horiumUI diituce, ga, betitesn tha vertical patt- 
ing throngli tha centra of gravity of tba wall, aod tha point wbera 
tha mii* CUB tbs pUneof_^ 
frmcture, the Mine notation ~ ; 
b«<ng applied to the oUier ' 
qnantitiea u in tha fora- 
going eqnmtlons. 

Let Q, flg. 10, b« tbe 
centre of gravity of the 
wall ; and on the Tertlcal 
G^Mtotr^I, the height of 
the .centre of prenore; 
alH>, let IK repreMnt A x 
w = tha weight of the wall, 
and HI the force B of tbe 

Then, completing tha 
ptrallalagraTTi, EI will re. FIl.lO. 

prewnt tha direcllon and inteniltj of the straining force; a 



If the lectlon of tbe waU be a parallelogram, then A = kd. and I 
~ JA tBn« = y; thaaa valueaof A and u being aulutituted in equi. o 

(30),itbeconie«-wAdi+/dJ+3A2»dt«n« = 2lU. . . . (31.) 



When the section of the wall it a rectangle f=o, therefore oqoa. 
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-^3 



(83.) 

This lut equation la atao correct for a wall of wbicb tbe back t« 
vertical, and the front sloping. Wa luppreai the 1 nveatigatlon, to 
nfford the young student an opportunity of prorlng tliat tha dimi- 
nution of weight is exactly counterbalanced by the alteration of 
tha distance of the centre of gravity from the axis. 

Tbe tendency of a wall to slide forward may he easily prarented, 
by giving an inclination to the joints. 

62. To illustrate these rules we shall give two examples, 
and in these show the construction of a table, which the 
reader may enlarge at his pleasure. 

ExampU 1. Let it be required to determine the thlckneei of a 
rectangular wall for supporting the front of a wbarf 10 feet la 
height, the earth being a looee sand, and tha wall to be built of 
brick. 

The weight of a cubic foot of hrick-work may h» eitloiated at 
100 lbs., and tha reilitanca of morUr being valaed at BOOO lbs. 
per superfivial foot, tbe experimental value being 7000 lbs., Table 
III., Experiment iSi, and the difference an allowance for any irre- 
gularity in building, consequently, /sSOOO: w = 100 ; and bj 
Table IV., R=13'8*i; hence equa. 



/ 21iA / 2 X 

=V7rw=V-5"oo 



138 X h^ 



1-3-62A' 



When A = 10 fae^ than the thickness of the wall 



quently, ^=tana 

Which determines Its direcUon, and its intenalty is 

w=i;i 

But, wa hare found, 



d = 26U feat. If A be mode succesalvaly 10, 20, 30, 40, fto., f^t, 

the nnmbers under the head of dry Band in tha following table 
will be obtained, observing that they are only calculated to the 

The proper thickness t>eing foand for supporting one kind of 
material, that for any otlier may he eaailj determined ; as the thiek- 
neas varies as the iquare root of K, equa. (33). Let tbe thickness 
for dry sand be d, Uien 

^VJH: J3li&::d: 1-Sd the thickness for supporting water. 
^WWTt/VTsS : : d \-Hd the thickncM for supporting moist aand. 
In this manner, by means of Table IV. tbe thlcknaisee for other 
kinds are easily <^calated. 

EiampU II. If a retaining wall be intended to anpport a laody 
and iooae kind of earth, to be oonatructed of brick, and to be In- 
clined 10 degrees from the vertical, tbe thicknaaa being uniform ; 
it ia require) to determine that thicknaaa for any given height. 

Atts / 3 tan g 

"'•'"■ m-''=/^.( — r-+ 

aV *"' "^(r^T^y ) ""* as< = 10", tan<i = '13, bene* 
— ^-^ = -2T,and its iquare = -0729. Alao/=6000, and«i = 
100, consequently, i ^t^t — r 



Aw 



For sandy earth R = 1'8A*, therefore d =7?;^ 

~rf«os« + flisino + 6y cos «'""""" = ("'^ ''"V ^A — "^'^^ j ; and making A suceeedvely 10, 30, 

(equa. (20.) J; tano = j-; eqna. (88.); I =i*,art.6Ii 4c., fsat, tha number* obulned will be tha same within one-tan th 
> ' of a fbot, aa those in tha following Table, cilumn fifth, In wbUb 

tha thicknes!! of leaning and curved walls for sapporting dry sand 
It abovrn, at an Inclination of 10 d>*grces. 
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Found a* 
tions. 



Constr ac- 
tion of 
walls. 



63. Table V. — A Table of the Thicknesses for Retaining 
}Vallsy Revetments^ Dock-taalls, dc. 



Helgbt of 
WaU. 


Tbleknew of Reetangnlar Walls 
to anpport. 


Thieknen of Leaning 
and Cnrrod Walls 
for supporting Dry 
Sand, tne anflo of 
inclination beinK \V>. 


Water. 


Dry Sand. 


If oiBt Sand. 


10 feet 
20 
30 
40 


40 feet 
12-9 
29*2 
62-5 


2-7 feet 

86 
19*4 
41*7 


3*1 feet 

9*8 
22-2 
47*5 


11 feet 
2-8 
6-2 
9-2 



Founda- 



iionf. 



Our investigation informs us that the mortar of high walls 
must be of a superior strength ; indeed, we know that when 
its consolidation takes place, under considerable pressure, it 
is of much greater strength. According to what function 
of the pressure the strength increases, we have not experi- 
ments to determine, and we therefore point out the circum- 
stance to the notice of experimental inquirers. 

For further particulars as to construction of walls, par- 
ticularly of railway embankments, see article Construc- 
tion. 

64. The proper quantity of mortar to be employed in 
stone-work is another point to which it will be useful to 
direct the mason's attention. A stone cannot be very firmly 
bedded upon a very thin layer of mortar ; and if the stone 
be of an absorbent nature, the mortar will dry too rapidly to 
acquire any tolerable degree of hardness ( Vitruvius, lib. ii., 
cap. viii.), however well it may have been prepared. On 
the other hand, if the bed of mortar be thicker than is neces- 
^ary to bed the stone firmly, the work will be a long time 
in settling, and will never be perfectly stable. 

When Uie internal part of a wall is built with firagments 
of stone, they should be closely packed together, so as to 
require as little mortar as possible. Walls are oflen bulged 
by the hydrostatic pressure of mortar, when it is too plenti- 
fully thrown into the interior, to save the labour of filling 
the spaces with stones. 

The walls of houses are frequently built with hewn stone 
on the outside, and rubble stone on the inside. The settle- 
ment of these two kinds of stone-work during the setting 
of the mortar are so different, that the walls often separate ; 
or where this separation is prevented by bond stones, the 
wall bulges outwards, and bears unequally on its base. These 
evils are best prevented by using as little mortar as possible 
in the joints of the interior part of the wall, and not raising 
the wall to a great height at one time. 



ni. — OF FOUNDATIONS. 



On Land. 



65. Having considered the nature of the materials to be 
used, and the scientific principles on which we should pro- 
ceed in their disposition, we must turn to practical results, 
and first consider the foundations, or the base, upon which 
diese superstructures are to be placed, so as to stand safely. 
When a good hard soil is easily accessible, as solid gravel, 
chalk, or rock, we have nothing to do but to excavate the 
surface mould to the sound bottom, and to build at once, 
Footings, first putting in the footings, which are one or more courses, 
forming a sort of steps, each a little wider tlian the other, 
and the wall that stands on them (see Building, PI. 43, 
fig. 5)f according to the judgment of the architect. On hard 
ground one course of masonry, about half as wide again as 
the superincumbent wall, is ample. On sofler ground it 
was usual to employ footings at least double the width of 
the wall, and fi'equently more ; but since the invention, or 
rather revival, of the use of concrete, this is seldom or 
never done. In this case, or when the ground is a deep 
clay, be the material used what it may, it should at least 
go so deep as not to be affected by change of temperature, 



Depth of 
footings. 



or the rising and falling of spnngs, as the alternate shrink* Fonnds- 
ing and swelling of the ground must affect the building, tic-n^. 
As has been shown (article Climate, p. 768), firost seldom ^«-v/— ^ 
penetrates a foot into the ground in this country ; but in 
clay soils, fissures, the consequences of drought, are found 
three feet and more in depth. The basis should, therefore, 
be below this point in such a stratum. If the ground be 
springy, it should be drained, if possible; if not, a founda- 
tion should be made with concrete as low as the lowest 
level of the water ; or if very deep or boggy, piles must be 
used. The plan of building on sleepers and planking, so 
common a few years ago, is very bad, as they soon rot, and 
the building settles in all directions, as the greater weights 
crush the decayed timbers sooner than the lighter portions 
of the building. Where ground is alternately wet and dry, 
the best timber soon decays; even piles should always be 
wholly below the water. 

66. The use of concrete^ except in very peculiar occa- Definitioa 
sions, has entirely superseded evei^ other artificial founda- of con- 
tion. It may be defined as a sort of rough masonry, com- crete. 
posed of broken pieces of stone or gravel, not laid by hand, 

but thrown at random into the trenches, cemented together 
with lime prepared in various ways, and thoroughly mixed 
with it before it is so thrown in. In this country, the lime 
is generally g^uud and mixed, when hot, with the stones ; 
in France, the lime is first made into a paste, and the mix- 
ture is then called Mton^ not concrete. 

67. The use of this material is of very remote antiquity. History of 
It is no doubt the signinum opus of Vitruvius, and is de- concrete, 
scribed by Alberti. It is very common in mediaeval buildings, 

walls and even arches frequently being made of it. In Ro- 
chester castle tlie staircases lure composed of it ; the under 
sides, or sofiites, show to this day the marks of the boards 
which sustained it till it was set. Smeaton states that he 
was induced to employ it from the observation of the ruins 
of Corfe castle. Dance employed a sort of concrete in re- 
building Newgate, 1770-1778. The foundation of part of 
the new structure was a deep bog, and it was rendered 
available by shooting a quantity of broken bricks into the 
holes, mixed with occasional loads of mortar, in the propor- 
tions of four to one, and suffering them to find their bed. 

68. Any hard substance, broken into small pieces, will iiateriaU 
make eood concrete. That most used is gravel, or ballast, or con- 
This should not be sifled too fine, as the sand which is left creto. 
will mix with the lime, and form a sort of mortar, and assist 

to cement the stones together (see I., sec. 29). If broken 
stones, or masons' chips, are used, it is well to mix some 
sharp sand with them. The general rule is, that no piece 
should exceed a hen's egg in size. In this country the lime 
is generally ground, and used hot. It is mixed with the 
ballast by scattering it among the stones, and turning them 
over with a shovel, water being at the same time thrown 
upon the mass. It is then immediately filled into the Laying 
trenches, sometimes by shooting from stages erected for the concrete, 
purpose, six or eight feet above the work. But this process 
lias been very justly censured as uncertain by eminent en- 
gineers, who prefer to put it in layers of not more than 1 
foot in thickness, and to level each course, and ram it down 
thoroughly. About one-sixth part of lime is generally 
used. When too hastily put into the trenches, the lime, Swellir.i? of 
which has not had time thoroughly to be slacked, will con- eoncrete. 
tinue to do so, and the mass will puff or swell, and some- 
tiroes cause considerable mischief. The author has seen 
the wing walls of bridges thrust out by this means. From 
some experiments made by the Architectural Publication 
Society, where the materials were carefully mixed, no 
change took place in the bulk. The lime, if it can be pro- 
cured, should be hydraulic ; and concrete is much improved 
by the addition of the volcanic sands. The French authors 
recommend, as good proportions, one-fifth hydraulic lime, 
one-fourth pozzolano, one-eighth sharp sand, and the rest 
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tloiu. the same oftemus, the same of sharp sand, 15 per cent, of the heads of the same piles, when cut off and lied together "°"' 

"'•^/■^^ irravel, and 25 per cent, of broken stone. Perhaps, after by strong cross timbera ; C shows the planking laid thereon ; "^""v^ 

all, the very best concrete is made of a simple mixture of and D the 6rat courses of the masonry. 

gravel with Portland cemenL 



Fcumdatiotu in Water— Ancient Sy$tems. 

x«e 69. These are oflen made by shooting quan^ties of loose 

inm (hot rough stones, &c., into water, at hazard, till the mass finds 
its own bottom, and becomes solid by dq^es. When a 
suffident quantity has been shot, so as to appear above tlie 
surface, ttie material is levelled, and the superstructure 
erected upon iL Most of tlie brtak-water* (see Art.) have 
been thus constructed. This method is called by the 
French, foundations d pierre perdue ( see Brbakwateb, 
Hakbocb, &C.) Concrete has been used in the same way 
with great success. Where it is practicable, it is very de- 
sirable first to bring the bottom to a level by dredging, 
(See Navigatiok, Inlamd, p. 68.) 
Ding. 70. Another method is to drive a number of piles, side 

by side, through the mud or other soft soil till they reach a 
sound bottom, the heads are then cut off to a level, and a 
plalibrm of timber, or better still, of flat stones, b laid on 
them, and the superstructure erected. The heads of the 
piles should always be under water. For small operations 
they may be driven without dams ; but for larger a more 
elaborate system roust be pursued, the most effectual of 
which are coffer-dams. 
niTer- yj^ Theseareofasgreat antiauity as the timeof Vitru- 

''"*' vius^ and most probably much older. That author, how- 

ever (lib.5, cap. u/t), describes the method of forming them, 
and calls them area. Like those of later times, ttiey were 
composed of two parallel rows of piled driven into the water, 
and Kept together by strong horizontal timbers, and con- 
tinued around the place where the proposed work is to be 
erected, so as to form a sort of box or coffer entirely round 
IL The two rows are kept in their places by other timbers, 
and the vacant space between such double row stuffed full 
of day and weeds, till the whole is quite tight, the water is 
then pumped out by proper engines till the ground appears, 
which is then levelled and excavated to a solid stratum, if 
such is readily accessible. The foundations of the pier, &c., 
are then laid, and the superstructure carried up to above 
the water-level, when the dam is removed. If solid ground 
is not easily accessible, structural piling is resorted to. lu 
large works these are of whole timber, pointed at the end, 
and shod with iron, to fiicilitate their penetrating the earth. 
Hte. They are driven by a weight called a monkey, which is 

"l?'"*- raised by a machine called a pile-engine, worked by horse 
or other power, now frequently by steam. When the mon- 
key is raised to a sufficient height, it is suddenly liberated 
by a contrivance much like a double pair of scissors, and 
falls with great impetus on the head of the pile, and of 
course forces it downward into the bed of the stream. 
When driven to a proper depth, the heads are cut off to a 
level line, cross lumbers aro bolted on these, and the super- 
structure erected, as shown in Bbidge (Plate CXLV.fig. 3,) 
The piles of the dam should not be drawn, as that would 
allow the wat^- to form holes, and to work under tlie foun- 
dations, but they should be cut off close to the bottom of 
the stream. Fig. 1 1 shows a plan of the coffer-dam and pier 
of a bridge erected by Rennie on the Tliames. The outer 
lines are the parallel piles which keep out the water, and 
form the coffer ; these, as will be seen, are strongly bolted 
together, both across and lengthwise, and also braced dia< 
gonally. The general plan is elliptical, the better to reust 
the pressure of the water, — a course afterwards adopted in 
the Gaffer-dsmB of London Bridge. The plan of the pier is 
witliio this, and is shown in foiu quartern: — A shows the 



72. As the system above described is extremely expen- Caiison*. 
sive, especially before the introduction of steam-power for 
pumping, &C., a very ingenious method was introduced 
mto this country by a Swiss named Labelye, and first used 
at Westminster Bridge. The bed of the stream was first 
carefully levelled by dredging, (See Naviqatiok, Ik- 
land, page 68.) Strong frames of timber were then con- 
structed, having upright sides like those of a box, and being 
about the same area as a coffer-dam. These were fioatea 
over the place where the piers were to be built, and the 
masonry of each pier commenced inside these targe cases 
(die word caisson meaning a large box or caitse). It was, 
in fact, like building in the bottom of a large fiat-bottomed 
barge. Of course, as the weight increased this barge or 
caisson would gradually sink. The sides were somewhat 
deeper than the river, and well caulked and pitched to keep 
the water out and enable the men to work. When the first 
course of stone was laid and cramped together, the water 
was let into the caisson by sluices, and the whole sunk to 
the bottom. It being found this was not sufficiently level, 
the sluices were closed, the water pumped out, when the 
whole floated again, and the bottom was again dredged 
and levelled. This operation was performed three times 
before the work settleu to a level bed. The pier was then 
built up to a height above water.level, when the sides of 
the caisson were removed, and used again for the next pier. 
Blackfriars Bridge was afterwards built on the same plan, 
but ill consequence of the removal of old London Bridge, 
the scour of the river increased so much as to work under 
the piers ; these directly began to settle in all ways, and the 
bridges must both be rebuilt. The system of caissons might, 
perhaps, nevertheless, be used in still waters, but it b 
manifestly improper for a sharp current, and still worse for 
a tidal river. 
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73. The great advance in all objects of engineering, 
and tiie desire to avoid expense, has led to some very in- 
genious and novel systems of laying foundations in water. 

74. The first of these is chiefly owing to the invention of 
the diving dress. (See Drvwo, vol. viii., Plate CCV.) This 
has now been brought to such perfection, that excavating, 
levelling the bottom, setting large blocks of stones, cutting 
off the heads of piles, in fact, all engineering operations 
are effected under water almost as easily as on land ; the 
men, in fact, working in a large bag filled with air. The 
most extraordinary work of this kind is now being carried 
on at Dover, where a huge mole projects into the ocean, of 
an extent and construction that exceeds any thing yet 
achieved. Our limits prevent our giving a full account of 
this work. It must suffice to say, that the outsides of the 
pier are composed of two parallel walls, built with large 
blocks of granite, which are sunk into the solid chalk partly 
by dredging and partly by excavation. A number of piles^ 
are driven into the sea, on the tops of which are strong 
cross-sleepers, each traversed by a series of iron rails, on 
which a number of travelling cranes move in all directions. 
These convey the stones exactly over their intended beds, 
on to which they are lowered, according to signals given 
by the divers below, who then cramp them together as 
well as they can. Between these two outer walls is a 
filling-in, composed of immense blocks of concrete, made of 
the ballast from the beach and Portland cement. These 
blocks are cast, as it were, in wooden boxes, the sides of 
which are removed when the concrete is set. Pieces of 
rope or chain are cast within the body of the block, and by 
them they are raised and lowered just as if they were masses 
of stone. The pier, therefore, is composed of concrete 
faced with granite ; and the work stands extremely well. 

rron piles. 75. The next important change in building in the 
water is the substitution of iron piles for those of timber. 
Their success emboldened engineers, and from small piles, 

Cylinders, driven in the usual way, large cast-iron cylinders came into 
use. These vary, according to the nature of the work, from 
3 or 4, to 6 or 7 feet in diameter. They are first lowered 
into the water in a vertical position, and driven down as 
far as they will go without much difficulty. A quantity of 
clay is then thrown in round the outside of each, to keep the 
water from coming in under the bottom as little as possible. 
That inside is then pumped out, and workmen descend and 
excavate the bottom, sending up the stuff in buckets, just 
as a well is excavated. The cylinder then sinks partly by 
its own weight, and partly from weights above, as the earth 
is excavated beneath to the depths required ; each cylinder 
has a series of flanches, on which another is screwed from 
time to time as the former sinks into the bottom. When the 
cylinders are sunk to a proper depth, they are brought to 
a level at the top, and a platform of girders and planking 
is fixed for permanent use. In many instances the cylin- 
ders have been filled in solid with concrete afler they have 
been thus submerged, 

76. The most extraordinary operation of this kind has, 
however, just been executed in tne piers of the new bridge 
at Rochester. The ground here was very difficult to work, 
being composed partly of rag rock and partly of very hard 
chall^ and it was found almost impracticable to sink the 
piles in the manner last described, which is successful enough 
in clay. To overcome this difficulty the following plan 
was devised :— a proper stage of piles, sleepers, &c., was 
first erected, and a number of cast-iron cylinders, each 9 
feet long and 7 feet in diameter were bolted together in 
proper lengths; As it was necessary to employ diving- 
bells to dredge the bottom, it was considered that each 
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cylinder might easily be converted into a sort of bell by 
putting on it an air-tight cap. This was done, and an in- 
genious method contrived by which the men could pass in 
and out of the cylinder without admitting the air. It would 
exceed our limits to go into all the details of this invention, 
which was called an air-lock, probably from its permitting or 
hindering the passage of air, much as the lock-gates on a 
canal do with that of water. But there was this great 
difference between the method described in [sec. 7o] and 
this new method. In the former the water was pumped 
out of the cylinder, but in this air was forced into the 
cylinder below the air-Ught cap and locks, and the water 
driven out by its pressure. The men then entered through 
the air-locks, and excavated the ground under the cylinder, 
which descended by its being heavily weighted above. As 
each cylinder sunk, the cap was removed and another cylin- 
der screwed on, so that some of the piles (as ii) fact they may 
be called), consisted of seven pieces, and measured over 60 
feet in length, one half of which was buried in the bed of tlie 
river. The girders, tying the heads together on the top, as 
well as the skew-backs, &c., from whence the arches spring, 
were then fixed in the usual way. (See Iron Bbidoes.) 

77 A still more .curious method of employing iron Screw- 
piles is the invention of Mr Mitchell, and succeeds admira- piles, 
bly in soft ground and even in sands. These are hoUow, 
and of wrought-iron, varying in diameter from 5 or 6 inches 
to about a foot. They terminate at the end with screws of 
various shapes (see figs. 12, 13, and 14), and are screwed 
into the bed of the 
river or the bottom 
of the sea, as the 
case may be, to sucli 
a depth as to hold 
the pile firm, their 
heads are then con- 
nected together 
with sleepers, &C., 
and the intended su- 
perstructure erect- 
ed. The lighthouse 
on the Chapman 
Sand, in the mouth of the River 
Thames, is built on piles 7 inches 
in diameter and about 40 feet 
long, the screw part is of cast- 
iron about 4 feet in diameter. 
They are screwed down till only 
2 or 3 feet remain above the 
sand; on their heads are cast-iron 
cylinders, braces, &c., which sup- 
port the lighthouse, which is en- 
tirely of wrought-iron. The piles are only seven in num** 
ber ; one driven in the centre, and the others at equal dis- 
tances around it. 

78. Several very ingenious adapta- 
tions of iron for coffer-dams have been 
tried with success in various places; 
they are all, however, more or less ex- 
pensive, not only in construction and 
removal, but because they entail con- 
stant expenses in pumping. 

79. The method lately invented 
by Mr Page for getting in the piers 
of the new bridge now in course of 
erection at Westminster is, however, 
so novel and so important, we feel our 
work would not be complete without 
a short description of it. Figs. 15, 16, and 17 show the 
plan, the long and cross-sections of half each pier. Rows of 
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' These piles form a scaffold, and are removed when the work is done. 
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Strong elm piles, A A,' about 30 feet long, are driven into then going about 20 feet into the London clay. There Founda. 
the bed of the river, as shown in the plan, passing first are about 140 or 160 piles to each pier, ranged alternately ^^on*. 
through the gravel, which is about 4 or 6 feet thick, and in threes and fives, around these a range of cast-iron piles 



D 



a 





a 


A 


r 

D 




a 




a 


' 


a 




D 




a 


A 


a 




a 


a 


a 


Q 


D 


a 


D □ 


a 


a 


D' 


D 


a 


a 


a 


a 


a 


a 


□ 


a 


D 


D 


a 


a 


a 


a 


a 


a 


D 


D 


Q 


a 


a 


Q 


D 


□ 


a 


a 


a 


Q 


Q 


a 


a 


a 


a 


Q 


D 


□ 


a 


a 


a 




a 


A 


D 




a 




D 




□ 




a 




Q 


A 


a 


— 



til 



41 



Fiff.U. 



BB, are driven about 4 feet apart, as shown in the figure. 
These are round, 15 inches in diameter, and have strong 
grooves cast on each side of them. They, however, go 
into the day only 10 or 12 feet. Into these grooves large 



plates of iron, which the engineer calls '' plate-piles," are 
fitted and driven down between the piles, BB, They are 
marked CC on the cross- section (fig. 16), and, as will be seen, 
go about 10 feet into the blue clay, and extend to about a 
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Fig. 17. 



foot or two above the natural bed of gravel. Upon these piles are secured tosether by two sets of ranges of iron- 
are a series of slabs of granite, DD, placed edgewise, rods passing throuen the pier and tying them together, 
retained in their places thus, — The bottom rests on the These are all fixed by the divers. It wul be seen, there- 
" plate-pile," CC, the edges are secured to the round iron- fore, a sort of case or box is made which surrounds the 
pile A, and the tops to the other masonry. The plate- wooden piles AA on all sides. The loose sand and mud 



^ The same letters apply to all three flgares. 
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is then dredged out, and the case filled up solid with hy« 
draulic concrete, in which, of course, the piles are embedded, 
and the whole forms one solid mass to about a foot above 
low water-mark. At this level the tops of the piles are 
cut off, and on each top a stone 2 feet square and 1*6 thick 
is bedded, the spaces between which are again filled in 
solid with concrete. The gravel is then dredged out around 
the pier on the outside of the case, and the space also 
filled with concrete, as shown at ££. It has been urged 
that the steamers will come into coUison with the round 
piles, BB, and break them, so that the granite slabs, DD, 
will escape, as it were, and fall into the river. This, how- 
ever, cannot be as long as the concrete £ remains in its 
place, as the top of the slab D is secured by the masonry, 
and the bottom would not be accessible. It is, however, 
intended to protect the piles by floating booms, which 
would prevent the chance of oollison, and would act as 
safeguards for the steamers as well as the bridge. 

For the action of waves, running water, ftc, on walls, 
piers, &C., see Harboub. 



IV.— sToint-cuTriNGk 

80. The different methods of reducing stones to shape 
by the axe or scabbling-hammer, the saw, or the tool ; of 
dressing by the chisel or point ; the nature and value of 
pliun work, sunk work, moulded work, and beds and joints ; 
the various sorts of bond, and of rubble, coursed, or ashlar, 
with their proper backings and quoin-stones ; the mortar, 
and such metnods of working and setting the beds of 
stones, that the &ces may not chip or flush ; the mode of 
securing and strengthening work, by discharging and re- 
lieving arches ; by hoop-iron bond, cramps, dowels, joggles, 
plugs, &c. ; the descriptions of copings, cornices, string- 
courses, blocking-courses, sills, landings, balconies, paving, 
curbs, steps, hearths, chimney-pieces, &c. ; and of columns, 
with their beds, joggles, flutes, &c. ; in short, all that re- 
lates to the mechanical part of stone-cutting, has been 
already given, article Buildiko, page 146, to which we 
refer our readers. 

81. Before working the various pieces of stone, it is ne- 
cessary to prepare certain moulds, which are generally of 
thin metal, wood, mill-board, or some similar substances, of 
the exact form with which each face of the stone is to be 
worked ; and which are applied to the sides of the stone, 
and their shapes marked or ''scribed** thereon. They 
serve the double purpose of guiding the workmen, and of 
enabling him to select pieces of stones of convenient sizes, 
so that there should be as little waste and labour thereon 
as may be* We shall now proceed to show how to find 
these lines, the most important thing a mason can learn. 

82. The general principles of the making working draw- 
ings ; the projection of lines, of planes, and of curved sur- 
faces; thefindingthe angles of planes inclined toone another; 
the describing mouldings, and the methods of finding the 
lines where they mitre, on the level or on the rake ; in 
short, all the general principles of projection are given in 
JoTNEBT, sect. I., 1 to 20. 

ArcheSj to Describe. 

83. But as arches form no part of joiners' work, and as 
our articles AscH, ABCHrtEOTURB, BaiDOB, frc, though 
containing full scientific developments on the subject, neces- 
sarily involve the highest branches of pure mathematics, 
we shall refer the readers of abstract science to these 
articles, and shall proceed to give a few problems in de- 
scriptive geometry for the use of masons, as we have done 
before for joiners. 

M. First, of circular arrhes. These, if of moderate size, 



may be set out by a long lath, one brad awl as a centre, Stone- 
and another to trace, or by beam compasses; but if they Cutting. 
are flat, the centre is firequently at such a distance as to ^^-^^z*^^ 
render this inconvenient, if not impossible. The best way Circular 
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Fig. 18. 



to proceed, far better than most of the cyclographs, b thus * 
—Let AB (fig. 18), be the width of the arch, and CD its 
height ; set out their width and height on a floor, or on 
some boards joined together for the purpose ; drive pins at 
A and B. Take two straight rods AD, DB, place them 
so that tlieir sides may touch A and B, and their intersec- 
tion coincide with D. Tack them together, and also a 
third lath across, to keep them at the same angle ; place a 
pencil at D, which will trace the curve if tne rods are 
moved to the right and lefl, and are kept pressed against 
the pins A and B. 

85. Another way (fig. 19), let the letters represent the Another 

way- 




Fiff. IS. 

same): join AD, draw D£ parallel to AB,and makeD£equal 
to AD, then cut out a triangle in wood, or form one as above 
with three laths ; put a pin into the board at D, and a pencil 
at the same point of the triangle, and it will trace half the 
curve AD ; reverse it, and it will trace the other half DB. 

86. Next to circular forms, the most common are those 
from the sections of a cone, of which the most usual b the ^^^^^ 
ellipse ; the parabola is sometimes used, and so is the hyper- f^^ ^^.^^ 
bola, but very seldom. As these forms are necessary in sections. 
setting out Grecian mouldings, as well as in almost all pro- 
blems in masonry, it b proposed to treat of all three as 

shortly as possible. 

87. Let ABC (fig. 20) be the section of a cone, or one cut ^^^ ^^j. 

through its axis downwards to ^^j^* * **** 
its base, and ABD be half the 
plan of its base. If the cone 
be cut by a plane passing 
through £F, in other words, 
if it was cut into two parts by 
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a large flat knife passing in that direction, but wholly above 
the base, its section would be an ellipse* Then £F would 
be its length, or axis-major. To nnd its height or axis- 
minor, bisect £F in G, through G draw a line parallel to 
AB, touching the sides of the cone ; bisect this in O, and 
on It describe the semicircle as shown; then draw GH 
parallel to the axis of the cone CD, and thb line GH will 
be the half the height, or the semi axis-minor, and the 
ellipse will be described within the parallelogram £F, WW 
(% 21). 
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88. This may be done, first, by finding the foci,* and de< 
scribing the ellipsiB by a 
cord or string, thus:— 
Take the distance F G (fig. 
22) in your compasses, and 
from H as a centre strike 
the portion of a circle 
1, 2, 3, then 1 and 3, 
where it cuts £F, are 
the foci. Stick two pins, 
or brad awls, in their 
points, and strain a string 
round H, 1 and 3 ; place a pencil at H, and move it round, 
keeping the string tight. The pencil will draw itie ellipse, 
Or it may be done by a trammel. (See vol. viii., Plate 
CCXXXI. fig. I ; and see article Eluptooraph.) 

89. Let ihe parallelogram be, as before (fig. 23). Divide 
£G, £ 4, each into any || 
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number of eaual parts; 
here they are divided into 
4 ; firom HH' draw lines 
through 1, 2, 3, as shown, 
and where they intersect 
are points in an ellipsis ; 
mark tliese points, bend 
a thin lath round them, 
and strike the curve. The 
same repeated for the 
other quarters will complete the ellipse. These methods 
are mathematically true ; but as it is aifficult to get laths to 
bend round a large curve, and very difficult to tie a string 
exactly to the proper length ; and also to prevent its stretching 
when tied, other means nave been taken as approximations. 
90. It ia of the utmost importance to the mason, whether 
in Grothic or other work, to remember, that in all cases 
where two circles touch each other, the two centres from 
which they each are struck, and the point in which they 
touch, must lie in the same straight line ; in other jwords, 
a line drawn from one centre to the other must pass 
through the point of contact, a point where they each 
touch without cutting each other. If this rule be not 
strictly attended to, any curve coming out of another will 
not flow fireely, but must be crippled. If we attempt to 
draw an ellipse with the compasses, we must strictly attend 
to that rule. Now, . 

if we take a dia- ^/^ 

gram similar to fig. 
23, but instead of - 
four parts, we sup- 
pose the diameter / 
EG and the side £ 
divided into two ^ 
parts, as fig. 24. 
Now, joining the 
lines Hi, H l,we 
get at their inter- 
section, a point IC, 
which, as has been 
shown before, b a 
point within the 

true curve of the ellipse. To prevent the confusion of so 
many lines, we will now suppose a similar point found in 
the right hand quarter, and will call it L. Now, we have 
to draw two portions of circles, one through L and F, the 
other througn LH and K, and they are, of course, to 
touch each other in L ; then this point of contact L and the 
centres of the circles must be all in the same straight line. 
To do this we have to join HL by a straight line,'aild 
Usect it by a perpendicular line. This is done by taking 
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any convenient opening of the compasses, and fit>m the 
points H and L cross two small segments, as shown, and 
draw a line through them on till they meet HG produced 
to M. Join ML, cutting EF in N. From N as a centre 
strike the segment of a circle LF ; and as LN and M 
are in the same straight line fi^om the centre M, strike the 
segment KHL, which will pass through H, and touch 
LF at L. We have, therefore, a curved line passing 
through the points KHLF, all of which points are in 
the curve of a true ellipse, though the curve itself is not so, 
but parts of circular arcs. Proceed in the same way for 
the other side of the parallelogram, and the ellipsis is com- 
plete. If greater accuracy is required, divide EG, E 2, 
each into three or four or even more points, instead of two, 
and proceed on the same principle given above, viz., join 
the nrst pair of points so formed (beginning at the top) by a 
straight line, bisect this by a perpendicular projected till 
it cuts the line HG, and then join the next pair of points, 
and bisect again as before. 

91. Let ABC (fig. 25) be the section of a cone as before, 
and ABD half the plan 
of its base; if the cone be 
cut through by a flat 
straight cut or plane in 
the direction £F, but it 
always must be parallel 
to one of the sides (as it 
is here to the side CB), 
the section of the cone 
thus cut will be a para- 
bola, and its height or 
axis will be EF. From 
F draw FG at right 
angles to the base AB, 
and FG is half the base 
of the same. 

92. Draw a parallelo- 
gram (fig. 26) of which 
the height shall be equal 
to FE, and the base equal 
to twice FG. Divide the 
height and each half the 
base into any number of ^ 
equal parts (in this case 
they are divided into 4), I 
draw co-ordinates cross- 
ing each other as shown, « 
and ade will be points 
in the curve ; bend a lath 
round, and strike the 
curve, which will be a 
parabola. In a similar way a parabola may be drawn, any 
neight and width being given. 

93. Let ABC, &c. (fig. 27), be the cone and its plan as 
before, and let it be cut by a plane at EF, fidling within 
the base, but not parallel to the side. The curve of the 
section is a hyperbola, and F£ is its height. From F draw 
FG at right angles to AB ; then twice FG is the base of a 
parallelogram, within which the hyperbola lies. 

94. Construct a parallelogram (fig. 28) of the height 
EF, and width twice FG ; then in fig. 27 produce the 
side AC and the line EF till they meet in H, and make 
EH (fig. 28) equal EH (fig. 27), divide the sides as shown 
into any number of equal parts, cross the co-ordinates as 
before, and through their intersections draw the curve. 

95. It is now necessary to say a few words on the re- 
gular solid figures with which the mason has most to 
do. These are the cone, the cylinder, the globe, and the 
spheroid. I'he cone may be considered to be formed 
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^ For the definitions of the words /oW, ordinaUj axU, &c., see Conic Sections, pp. 252, 258, and 269. 
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StoQs- by ubing a right angle triangle (ABC, Gg. 29), holding it and the cone divided in a umilsr way by lines drawn to the 
Outting. upright, and turning it round aa if the perpendicular aide apex A i suppose these lines drawn in wet ink, or paint, and 
— V""^ AB was an axis. The surface traced by the hypothenuse the cone then rolled on its side along a flat Burfece, A !, "^ 
AC as it turns, would be the surftce of a cone, and that A 2, A 3, flcc^ would mark the different ponionsof the cone ; 

and C 1 2 3-6 will be the Btretch out of half its base, and 



nt.v. 



Fif.n. 




Vlf.IL 



by the third side BC the base. In the like manner the 

parallelograni ABCD (fig. 30), turned round on one of ita 

sides, as AB, would describe a 

cylinder ; a semicircle (ABC, 

fig. 31) turned on its chord AB, 

a globe ; and a semi -ellipsis, on 

its axis, a spheroid. i 

SMiiontof 96. If a cone be cut by any 
* con*. plane surface passing through 

its vertex, the section will be a 

triangle ; if cut at right angles 

to iu axis, the section will be a 

circle ; if cut obliquely (as fig. 

20), but at so fiat an angle that 

the plane does not cut into the base, the section is an ellipsis; 

if by a plane parallel to one of its sides (ligs. 25 and 26), 

which, of course, must cut the base, it is a parabola ; if of less 

angle, or perpendi- 
cular (figs. 27 and 28) i 

to the axis, it is a 

hyperbola. 
97. If a piece of i 

piper could be wrap- ' 

ped round any figure 

so as to cover its 

side exactly, and this 

then be spread out flat, i 

it is called its devel- 
opment. Let ABC 

(fig. 32) be a right 

cone, the plan of which 

is drawn beneath it. 

Suppose this plan di- 
vided intoany number __ 

of cqiLil parts, as 12, n^K. 



Develop- 



AC 6 the development of half its surface. The other half 
will be merely a continuation of the same. To draw this de- 
velopment fh>m the centre A 
with the radius AC, describe the 
segment of a circle, and set off 
upon it the openings 0, 1-6, equal 
to the circumference of the half- 
circle 0-6 on the plan, and join 
A 1, &c. Each division will be 
the development of a portion 
of the cone— thus, AC 3 will 
be a quarter of the cone, AC 4 
one third, &c 

98. If a cylinder be cut par- 3i 
allel to its axis the section is a 
a parallelogram ; if the plane be 

inclined from the axis so as not 

to pass outside the ends or bases '' 

(fig. 33), a trapezium, ABCD i if at right angles to the axis, 

a circle ; and if cut obliquely 

to its axis, the plane not tnit- 

ting into the ends, the section is | 

an ellipsis (fig. 34), of which 

AB is the larger and CD the > 

lesser axis. 

99. Let ABCD (6g. 35) be D- 
ihe elevation of a cylinder, and "} 
its plan be below it ; and suppose ^'' 
it divided as directed for the * 

cone, and then rolled alona a 
plain surface from £o to F6. 
0-6 is the stretch out of half its 
base, and E o-F 6 is the develop- 
ment of half iu surface. To 
draw this proceed as directed for ^'s- **■ 

the cone. 



100. Let ABCD (fig. 36) be a cylinder cut aquare at 
the base BC (of which the plan is below), but obliquely 
M the top, as AD. 

The upper section (sec 98), will be an ellipse, of which D 
AD will be the length, and the radius of the circle (on the ■» 
plan) equal to half tne height EF. This may be described °' 
by on; of the foregoing methods. Divide the circle at tlie 
base as before, and draw lines on to the surface of the 
cylinder ; set out the stretch out from to 6 as before 
directed, and draw the perpendiculars — as fl', 1 I', 2 9, 
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Su>De- ftc Agxin, araw peipendiculan from 1 2, 8k^ on the 



„ . .-. ... - 104. Let £HF bean ellipK, Bud a the point ^m which BUhm- 

Cuttiog. itretch out, Mid crou tnem by horiscHttal linei drawn rrom the mrch-joint should be struck ; find the feci 1 8 (sec. Onttiiig. 

' 88, fig. 22), and draw 

lines from ead) through 
the point a, as shown 
towards b and e. Bi- 
sect the angle bae, by 
the segments as ^own ; 
draw ba, which is the 
arch-joint. In cases of 
archa drawn by seg- Ki-ta 

mencs of circles, u fig. 89, the arch-joints are simply parts 
of radii flom the respective centres ABC. This figure 




umilar points in the elevation, cutting the Unes on the 
development u I' 2^ 3*, ttc^ the surface Between the ranted 
and the strught line is its development. In like manner 
the other halT may be drawn, 
SfctiDM of 101. If a globe be cut through by any plsne, the section 
a globe. ;, 2 circle. If the plane passes through the centre of the 
globe it is called a great drcte, being the largest that can 
be cut out of that solid. For the development of a globe 
see 117, 118. 
sectioiuof 102. If a Bphenrid be cut by a plane at right angles to 
fk spbartrid. j^ larger axis, the section is a drde ; all other sections are 
oval, oi which all parallel sections are similar. 

These foregoing probleros are indispensable to a mason, 
and should be carefully sttidied and gone over till they are 
thoroughly understood. Several other mathematical curves 
have been used for arches, as cycloida), catenary, cassinoidal, 
ftc. ; but the trouble of setUng them out, and the difficulty 
and confuuon the workmen oflen get into has led engineers 
and architects to the use of circular and elliptical arches 
almost exclusively. Indeed, in many cases where the 
latter were formerly used, it has been found better and 
cheaper practically to substitute segments of circles. 



Tojhd the JoitUt ^ Areket. 

103. Iq all cases the joints of all arches should be at 
right angles to the tangents of the curve. For this reason 
those of drctdar arches should simply be drawn to the 
centre of the drcle of which they form a part. If that be 
very distant, as is frequently the case with very flat arches 
(fig. 87), divide the arc into ai many equal parts as may be 



shows the case of an arch drawn from three centres in 
each quadrant instead of two. The arclH(»nts from D to 
£ are to be ruled from C, from E to F they are to be 
drawn from B, and F to G from A. The method of 
finding these points is shown on the other half of the 
diagram, (See also sec 90.) • 

106. The same rule holds good with parabolic arches as JoIdh u 
with others, that the arch-joint shall be at right angles to a puabolla 
tangent, passing through the point whence it rises. Then »«•>*•■ 
let ABC be a parabola, drawn as shown, sec. 92, figs. 25 and 
2& It is required to find the arch-joint at D, draw DE 




parallel to AB, and make CF equal to CE ; thfougfa D, 
draw FD a as shown ; take a, b equal distances front D, 
and raise the perpendicular D e, which is the ardi-joint. 




convenient, having relation to the t\K of the arch-stones or 
voussmrs, and taking care that the middle of the Itey-stone 
A shall be exacdy in the centre of the curve. Then, from 
every alternate centre as B and C, with any convenient 
opening of the compasses, strike two small arcs, as at D, 
crosdng each other; these will g>ve the angles for the 
)oints. In &ct, this way is very nearly true for all Bat 
vcbes, whether circular or elliptiral. 



Tojind the An^Stonet or Vouisoin. 

106. Let %. 41 be the elevation of the arch, below which ^f^^' 
is its plan. Then, as the stones are generally longer than °Jj^^ 
they are high, the workman will take a block of wout the 

size required, and will work any long side, say the bed 
abefiteB plan). He will then work uie ends square, and 
of course uiey will be parallel with the face of the wall ; 
he will then, by means of bevels, set off the angles aie, 
bad, bed, and work these sides; he will then apply a 
mould the exact shape of the arch-stone, as shown by the 
shaded lines, to each end of the stone he is working, and de- 
scribe its exact shape, taking care to keep the moulds out 
of winding, and work off the waste between the dotted 
lines ad, be, redudng them to the curve shewn by the 
mould, and the work is complete. 

107. If the arch be splayed inside, as on the right hand 
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SioM- *>de of the plan, fig. 41, aad im be the half of the width equal to GE as the height, and AB the length, and deacnb- Btone- 
OattlDg. of the «iuara put, and in that of the splayed, then the tag an ellipse j also nulke IK equal to EF, and describe a Catting. 

second ellipse through K at shown ; AKB will be the ^■^■.'~-' 
lace of the arch. If these arches ore of great length, or Skew 
rery obLque, another method has been lately used, which is uchM. 
given in the separate article Skew Abchss. 

109. The soffit of an arch may always be found byToflodth* 
considering it to touch a cylinder placed as a centre under toffiu. 
it, and by finding the development of such cylinder by 
the methods giren in Joamar, and in the tections 99, 
K. 1 100. 

liaLetABC..P,afr^/(%44)betheKcUonoftfaeArchMiii 
arch of a tunnel, or of one in a terrace wall, the &ce ofobiiqua 

wiila, 
which alu 
bfttur. 
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line marked /, y, n*, is an ellipui. Draw this by anv of the 
methods given aliove, taking In as the length and Ik as 
the heighL Then the plan of the bed (No. 1) at the 
springing will be mnopg (see plan, fig. 41). The next 
bed »/^, fig. 42, No. 2 ; the third, r, r^, r, ftc, (tc^-the 

J»o.«. Ke.l. NO.L 
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Fuxs or BIDS or aeoh-ji 



depth of the square part, and the entire thickness of the 

arch being always the same. 
ArehM la 108. Let AB represent the plan of an opening (as a 
obUqM door or window) which cuts obliquely into a walL If the 




face of the arch be a circle, proceed as in 41 ; but instead 
<rf working the stones square at the end, they must be 
worked according to the bevel 128. The &ce bevels are 
obtained as shown before. But if the section of the arch 
be an elUpsi, as CED (fig. 48), and the depth of the vousioir 
"" ' n of the iace will be found by drawing 



EP, the delineation a 
HI at right angles b 



and tuiecting AB, and n 



DaraloppitDt. 

Hf-M. 

which is not square with the section, but inclined on the 
plan at the angle NAF*, and whic^ also batten or &lls 
back out of the p«pendicular at the angle UST on 
the longitudinal section, SU being perpendiculai* to the 
sprioBuig line. Prom the intrados def, &c., draw the 
faint tinea to EIT, as le, 2d, ftc, and from the extrados 
draw the dotted lines 3E, 4D, &c. ; also let &11 the perpen- 
dicular b b', e(!,dd,ort A'P. Then lake the several aivisions 
intercepted between ST and the perpendicular US, and 
transfer them to the line A'F', and set them off at right 
angles to it as shown ; then a b' e . ./*, will be the line of 
the intrados on plan, and A', B* . . F', that of the extrados ; 
and the portion between dioge lines will represent the 
battering face of the arch. From B'b', Ce, ftc, let &11 
perpendiculars as shown, and the shaded portions wiU re- 
present the places of the arch-jointa on the plan. 

1 1 1. Take any line OP equal to the stretch out of the The uouia* 
inner circle of the arch ab . ./, and divide it into as many tor tba tof- 
parts as there are arch-stones. Draw perpendiculars from ^^ "f^, 
these points as shown in the figure, and set out on them *r<=l>-J^<°**^ 
g b', h d, ftc, equal to the same on the plan. Then d H, e\ 
&C., is the development of the line of the intrados ; and 
each portion, as ifdap, dpre, is the mould for the soffit 
of each respective stone. Next make /m,no, &c., equsi 
to Ad, or Di^ in the section which will represent the 
depth of each arch-joint, and make B'/, Cn, &&, in the 
(ievelopmeot equal to B'( ha., on the plan. B'i/n, 
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tfDoq, ftc., are the moiJcIa fbr the Brch-jointa, u ihown 
^ by toe sluded niifiu:es. 

112. Let Aabii,8cc, (fig, 45), be ■ circular-headed arch 
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over ft door or window, in the wall of a circular bow or 
tower; the plan of which ia LMNOPQ. Draw the arch- 
joints &B, eC, hc^ in the section, and let them fall on the 
[ilan in ^B', e'C, then the ahaded part will represent the 
ines of the arch-Joints on the plan. 

118. Draw any line in the plan RS perpendicular to the 
lines let &il. Also draw GH in the development, and 
nialte it eqnal to the stretch out ab..f, and di*ide it into 
as many parts u there are arch-stones at 1, 2, 3, &c. ; draw 
the perpendiculars, and set down 1, V, 2, d^ on the develop- 
ment equal to 16', 2c', &c., on the plan. Do the same with 
1m, 2h, So, frc, and the line a' A^e', ftc, is the front line 
of the soffit, and /m, q, the inner line of the same ; also 
c'<f N o, Vd m M, will represent the soffit of each arch-stone. 

114. From the lines fr'm, dn, ftc, set out the depth of 
the arch-stone equal to B&, ftc, on the cross section, and 
on the line GH set down 6B', 7C', ftc, equal to the same 
on the plan. The shaded portions will then be the moulds 
for the arch -joints. 

116. The above problem may be uied fbr any sort o^ 
arch, or any form of wall, whether cylindrical or conical, 
care being taken that all section lines be first carefiilly 
transferrea to the plan and then to the development. Per- 
haps the method of finding the arch-jmnts will be better 
understood if the reader wm suppose the stones of an arch 
to be transparent or made of glass ; and the jtnnts or sur- 
Utxt where they touch to be blackened. If the eye were 
placed exactly above such an arch, it would present the 
appearance as shown in our plans. 



i^iAericai VaviU, Doaut, Kie/<t Btadt, Sft. 
116. Sfdwresor globes may be developed in two ways,^ 



^si, in horizontal sections or zones 
cal sections or gores. Cutting. 

117. Let Ao, 1, 4 (fig. 46) be the section of a dome, and '-—•'-^ 
I, 2, 8, 4 the places of the arch-jolnU ; AB 4, the spTing- Ta d*. 
ing line i B, oy the *«Iop • 
line through the ver- q>bM«. 
tex; produce this line 

towards C, an d through 
2 1, 8 2, 4 8i draw 
chords to the vertical 
line, cutting it in a, 
b, C. Then o is the 
centre of the eye of the 
globe, orthe key-stone 
of the dome ; a tlie 
centre of the develop- 
ment of the first zone, 
I, 2; b, the centre of 
the second 2, 8, C, of 
the third 3, 4 ; and so 
on for as many divi- 
■ions as you may think '* **' 

proper to divide the globe into. 

118. Let xy, in ^. 46, be a gore or section of ^obe, Tbt mdw 
made by two verticid plsines passing through its centre. v»rtlcrfly 
Then those planes are portions "'^ P*~ 
of great circles 101, and their 
sections are quadrants. Let 
AUB (fig. 47) be one of these 
quadrants, draw DC paralld 
to AB, and make it equal to 
half the gore recniired. Draw 
CF parallel to DBt produce 
AB to F, and CF to E, and 
join DF. Divide AD into any 
number of parts, as 0, 1, 2, 8, 
ftc, and dnw ordinates paral- 
lel to AB, cutting DF and 
CF. On CE set out 0, 1. 2, 
ftc, so that C£ will be the j' 
stretch out of AD. Draw or- 
dinates through these iwints, 
and make I, aj 2, b; ftc, in w, a 
CE, equal to the same lines ■* "' 

int«Y%pted betwe«i DF and CF. The curved line 
which passes through Dabe, ftc, will be the development 
of half the gore. Transfer diese points to the other side, 
and the whole is completed. 

By these two metnods any portion of the surftce of a 
globe may be drawn, and if cut out of any thin material 
will form a mould fbr any of the curved surfaces. 

119. Let fig. 48 be the section, and fig. 49 the plan ofaiTofiiidUM 
semi<circular dome, or a niche head. For greater clear- jointiork 
ness this is drawn with only two ranges of arch-stones ^obi: 
besides the key, but the theory is the same fbr any num- 
ber. Then oAod upon the plan will be the bed; a be/ on 
section, the end mould of the first voussmr t the fiice moulds 

will be found by the preceding problems. It remains to 
find the upper bed at ef, With the ractius 0/ strike part 
(tfa circle (fig. 50), and set out on it the line/;);, equal 
to /ff stretched out on the plan. If the thiclmesi of the 
dome be parallel, as on the left side of the diagram, sat onl 
such thickness ef (fig. 48), and then describe me drde «A, 
and tfffA is the mould. The bevels can easily beset firom 
the piiui and section. If the arch-stones are intended to 
bond in with the level masonry, w shown on the right side 
of the section (fig. 48), make p q (fig. 50), equal to p 7 in the 
section, and proceed as before. In this latter case it will 
be better to work the arch-stones thus : fiom the point 1 on 
section let fidi (tlirough p) the perpendicular \ p2, and 
draw 4, 8, psLnllel thereto ; then 2, r, 8, 5, €y on the plan 
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Btina- (fig. 49), itill be the mould of the bed: 1,4,2, 3, on the wc- No. 1. 
Outtlng. tion,fig. 50,ofUieend: and the plane 1, 2, 3, a square angle cuW t4 



Join AB on plan No. 8, and dnir OC peq>eiidi> Btone- 
AB, and equal to OC, Nos. 1 and 2. Then the Ooiting. 



with the plan. The block will be the portion of an upright 

cylinder thovn by 1, 2, 3, 4, S, 6, 7, fig. 51. Tbeo make 

7 4, 2 r, 2p, &&, equal to the Hune 

on the wctjon, and work off the 

waste aa shown. As the radii of a 

gk>be are all equ^ the curve is 

dike in all parts. A radius rule ia ' 

tberefi>re very convenient, this is 

found (fig. 50) by simply making , 

fg a chord to the curve, and the 

•eciion included by the lines fbnns 

the rule. The key is simply part 

of a cone, the widest diameter of 

which is to a^ and narrawest y *. wt- si. 

Arehed Vauiu tohieh inUriect each other or Groini. 

120. Almost all groins (except the mediseral) ore either 

'"mil (=>'^*'' o' elliptica), and their crowns ab,ed (Gg. 52), form 

^^ straight lines. If the openmgs and heights be equal, the two 

sections (Nos. 1 and 2, 6g. 52), will be aUke, ana the centers 

will intersect on the groin lines. Then (99) the intersec- 

tion of two cylinders will be an ellipse of the length ab 

on the plan, fig. 5S, and of the height ofed equal to that of 

either of the sections. Having thus the width and height, the 

ellipse may be drawn by any of the methods given above. 

Pnvqukl 121. ir arches are of equal height, and TeTel both at 

aLiwrtoTH, crown and sprinfpng, but of unequal widths, one arch at 

fac^BMt '^"^ """' ^^ portion of an ellipse, and the intersec- 

"^' ' tion an ellipse more or less r^ulu. Lei the main arch, 

No. 1, be semi<drcubu- ABC (&. 54), and the cross arch. 

No. 2. of the width DE, but of tT . ■ . — 



Cjltndri- 

wltb 




line of intersection will be an ellipse, the length of which 
is AB, and the height OC. The section. No. 2, will be 
an upright ellipse, the greater axis of which is OC and 
the less DE, all which may be drawn as beibre. If the 
croas vault be a semicircle, the main vault will be a flat 
ellipse, and the groins found as before. 

122. These are either fivm the same springing, in which Archa at 




different 
beighU, 
but Mine 
ipritiglng. 



i the crowns of the intersect- 
ing arches are not level ; or the 
crowns are level, in which case 
the springing of the lesser arch 
is higher than that of the greater. 
In fig. 55, No. 1 u the section 
of the main arch, No. 2 of the 
cross arch. No. 3 is the plan of 
a groin in which both arches are 
semicircular, but No. 2 is less 
than No. 1, and of course of 
different heights. In the smaller 
arch. No. 2, take any number of 
points, 0, 1, 2, 8, 4, and draw 
horiaontal lines from them to the 
perpendicular 0, 1, 2, 3, transfer 
them to No. 1, return them to 
the curve, and draw co-ordi- 
nates from these points, meeting 
in the ^e abed, which is the 
curve of intersection. These 
are called under-piteh groins, 
and sometimes Welsh arches. 
In the same way tlie lines «».»•■ 

may be formed where one arch intersects another obliquely 
(fig. 56), where the respective numbers and letters refer 
to the same things. 

123. In this cose the ^)rin^ng of the smaller arch must Arcbw of 
be higher than the odter. This often occurs in Roman ^'?"V*"' 
work, and almost always mNonnan groining. No. 2 (fig. 57) ^' t^'i.^^, ^ 
is the smaller semicircle, the springing line of which is AB. ^,, croim 
Hake OC in No. 2 equal to OC in No. 1, which is the 

height from the crown to the springing of die mun arch. 
Take any points in the curve 0, 1, 2, 2, 3, ftc, of No. 2, 
draw them to the perpendicular A 4, and trsnsfer them to 
No. 1, and cross the co-ordinates as before, and the line of 
intersection will be found. But it must be noticed this is 
a curved line, and not a straight groin point, as will be the 
case in the next problem. —^ . . ■ 

124. This is often the case at the end of a buildmg with ,j^^, ,^^^ 
a canted bow. or achurch thatendswith a hexagonal apsis. , g^uodsr 
Let ABCD (fig. 68, No. 8), be the plan of cylindrical u inur- 

suit, the section of which is DEF, No. 1, and let it be le^twi by 



height OC as pierced by theportionof a conical vault GHIK. Producepo"' 
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O^K ^^'.-M "S they meet iB O Uie yettex of the cone, or CDj u.d Jet CE be . twgent line, or )me which the 
V ° _*'j Ma UU rf« in No. 2 is made eqiul to DE in No. l,—de, curve must touch but not cut. Produce CA to F and 
'"■ of coune, bring parallel to GI. Draw the Mmicirele def make AF equal to AC, and AG U> ED. Divide GB BE '■ 
in No. 2 equal to DEF in No. 1, and divide each into the each into the Bame number of equal parts as 5. Draw the Ti 

co-ordioalea from F and C to the respective numbers, G 
their intersections will trace the curve. If BE be more than " 
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T of equal parti. In No. % draw ordinates, ' 

first peipeodicular to d e. «id tbeocc radiating to the point half the whole height, the curve is an ellipsU j if e«cUy 

half the height, it is a parabola ; and if BE be less than 
half BD, the curve will be a hyperbola. All other mould- 
ing can be drawn by this methoo, remembering that cymas, 
ogees, and all reflex curvet, must be divided and drawn in 
two separate portions. 



O; CTMsthesebytheco-ordinates from No. 1, alias shown 
in the diagram, and the curved lines GK, IH, will show 
the intovectiona. 
DcMaod- 125. The lines for these may be formed on exactly the 
lag vaalts. same prindplei, viz., from a pUm, two sections, and a double 
set of ordinate*. In descending vaults, however, we have 
to ramark, if it is intended the cross arches should be cylin- 
drical, tlie groined points will be curved, as in 123 and 124. 
[fit be intended ttiat the groined points shall be straight, 
and should intersect in the middle of each bay, then the 
aection of the cross arch will be an oblique oval. 

If a mason will carefully master these problems, he will 
find very little difficulty in any methods of stone -cutting. 

The same problems give the lines for centering, the 
practical method of executing which is feund in Cxhpxn- 
TKT, frc, &c. 

Mmddingt, 

OrMk and 126. All the sections for Roman mouldings are given in 
Boman JotHBBT, p. 807, but as those used in stone work, particu- 
monidlac*. larly in Grecian architecture, are parts of Conic Sections, 

and not strock by compaases, we give a diort problem by 

wtuch they may all be easily set out. 

127. Let (fig. 69) the moulding required, be an ovolo, the 

height of which (to the pcnnt where the moulding curves 

bauward) ■■ AC or BD, and the greatest protection AB 



126. The general prindple of designing staircases, as re- Bttln. 
gards the rise and tread of stepa, setting out curves, cartails, 
landings, &c., are given in the article Joinkbt (85, &c) 
The diief difference between these and other staircases 
consists in the fixing, the one being framed with wooden 
strings, while the other have no strings, but are sup- 
ported entirely by the walls. If there be a wall at each 
end, they are simply built In at the time the work goes 
up ; but if they are supported at one end only, they are 
called geometrical stairs, and depend entirely on their 
being securely wedged into the wall; on which, and on the 
support each derives at one edge from the step below, they 
wholly rely. If they are square in section, they are called aolld itain 
solid steps ; but as the under side or soffit, then, is irregu- 
lar, it is usual to make the steps of somewhat a triangular 
shape, so as to present a regular soffit. In this case they 
are called arris, or feather edge steps. Care should be Arrli 
taken that there are no sudden or irregular changes in the ■*'P'' 
curves. These may be easily avoided by the method 
shown 'for the easing of the curves and ramps in hand- 
rails. (See JoiHBRT.) 

129. Landings should also be verycarefully pinned into the Iwidliigt. 
walla. Fig. 60 will show the danger, should they not be so, 
through the full length of 
their insertion. If the front 
edge be pinned up, as at A, 
but a vacancy be left, as at B, 
the point C will become the 
fulcrum of a lever, and the 
landing have a tendency to 
turn at that point, and to 
break at the edge C. Every 
step and landing should have 
8 inches hold in a brick wall. '•«■"■ 

(ISa) All landings should be well jo^ed; the joint Joggta. 
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8toiio< made as at a (fig* 61) is caUed by workmen a he, and that 
Masonry, at ^ a she, jopgle, 

' The late accident ^J^:^ 
at the Poly technic 4^ -;i'4^'m^^- f> ^'^i^^ 



Institution in Lion- 
don arose no doubt 
from the careless- 



jr:.mL^:^:\^::M. 



i^->^^&A.>^ 




Flf. 6L 



ness of the workmen, who put two landings together, on 
which two she joggles were worked (fig. 62), and filled the 

open space wiUi ^ ^ 

plaster. There hap- <;: ■^-^^T^^^^^>^-'^4J^ ^ v-- -.-^^ ;^ , -,^ 

pened to be a large ^' :' -^ ^"^ > i^- /■ :^ ^-.^-^ . ^-^^ -^^ ^^- r^-^^ 
fossil in the stone ^^^:' 4>^^:^y^M^$^^^^ -: ^:.s^ -^ ^i " ^^ t ^^^^•<^ 

close to the wall in 

the landing A, which 'P'*- "*• 

having no support from the other landing a, gave way, and 

caused the destruction of the staircase below, upon which 

it fell. 

V. — STONE-MASONBT — ^MEDIiEVAL. 

Materials. 131. It has already been stated (sees. 67, 68) that many of 
the early buildings of the middle ages were entirely con- 
structed of masses of concrete, oflen fiu:ed with a species of 
rough cast. The early masonry seems to have been for 
the most part worked with the axe and not with the chisel. 
A very excellent example of the contrast between the 
earlier and later Norman masonry may be seen in the choir 
of Canterbury cathednd. In tl)ose times the groining was 
firequently fiUed-in with a light tufa stone, said by some to 
have been brought from Italy, but more probably from tlie 
Rhine. The Normans imported a great quantity of stone 
from Caen, it being easily worked, and particularly fit for 
carving. The fi-eestones of England were also much 
used; and in the first pointed period, Purbeck and 
Bethersden marbles were employed for column shafls, 
&c As time went on the art of masonry advanced with 
us, till in point of execution it at length rivaled that of any 
country. The methods of working and setting stone were 
much the same as at present, except that, as the roads were 
then in a very bad state, and in many places the only 
means of conveyance was by pack-horses, the stones were 
used in much smaller sizes than at presenL The methods of 
setting out work were^ however, different from those of other 
styles, as might be expected firom the difference of forms. 

132. The earliest arches were circular fsee Abchi- 
TECTUBB,^ page 64, and figs. I to 9, Plate XVIII.), and 
ot course easily set out. Sut as the pointed styles came 
in, several methods were used for describing them. Pointed 
arches may be classed as — Ist, lancet ; 2d, equilateral ; 
3d, depressed; and 4th, four- 
centred or Tudor. In the 
first the centres (1,2, fig. 
63) are without the arch a b. 
At Westminster Abbey the 
arches of the choir are so 
acutely pointed, that the 
distance fi'om 1 a-2 h is ^^-X' 
nearly two-thirds of the 
entire opening a b. In the 
nave at York the points are without the arch at a dis* 
tance of about one- fifth the open- 

Rquilateral ing a b. In equilateral arches the 

arches. centres are exactly on the points 
ab (fig. 64), so that the apex c, 
joined to a and 6, will form an 
equilateral triangle. The nave 
anches at Wells are of this descrip- 
tion, and idso those at Lincoln 

Depressed (Plate XX., figiure 1). In later 

arches. times the arcnes were of lower Pif.M. 



Arches. 



Laocet 
arches. 




FIf.8S. 





To deecribe 

similar 

archea. 



Fll.<Bu 



pitch, and then of course the centres 1, 2 (fig. 65), were Stone- 
within the arch a b. At Salis- ^.^^i^^ Maaonry. 
bury Cathedral (Plate XVIII., 
fig. 14), the distance a lis one- 
sixth of a bf while in the choir 
at Lincoln (fig. 2, Plate XX.) 
it is as much as two-fiflhs. 

133. To describe arches 
which shall be similar to one 
another throughout a building, 
however the openings may dS- 
fer, this principle must always be borne in mind: that 
the centres shall always be distant firom the points a & by 
some aliquot portion of the whole opening. This is the 
more important, as the lines of tracery will not fidl into 
their proper places except the arches are set out upon some 
regular principle (sea 136). If the arches are not eaui- 
lateral, some aistance firom each point, a b should be first 
determined on (say one-third the opening a 6), and after 
this, whatever the span of the other arcnes may be, one- 
third its own opening is to be taken fix>m the points a b, 
as the centres firom which to strike its curves. The only 
exception is, that in medifeval buildings, the arches to the 
doorways are frequently somewhat flatter than those of the 
windows. To dewribe 

134. In the Tudor period the arches are very freouently foar-cen- 
drawn fi-om (bur centres instead of two. It roust be re- tre<t arches, 
membered that it has already been stated (sec 90) the point 

where two circles touch each other must always be in the 
same straight line that is drawn through both Uieir centres. 
As there has been great misapprehension as to four-centred 
arches, some persons treating them as parts of conic sec- 
tions, whereas they are really parts of segments of circles, 
it is thought well to give two methods of describing these 
arches. First, when the width AB, and the apex height 
OC, are given, and a tangent to the upper circle CD. In 
this case draw AD perpendicular to AB, and set out A 1 
eoual to AD ; draw C 3 perpendicular to CD, and make 
C£ equal to AD or A 1 ; join 1 £ and bisect the same as 
shown by a perpendicular meeting C£ produced in 3; 
join 3 I and produce towards F, then 1 and 3 will be the 




centres for half the arch; and, transferring the points 
across, 2 and 4 will be the centres for Uie other half. In 
the second case, when the width AB and the height OC, 
and the centres of the small circles 1, 2, are given. Make 
AD equal to A 1, join CD (which will be a tangent to the 
uf)per curve j, draw C 3 at right angles thereto, make C£ 



' See OloMary^ -* Koman,*^ ** HoQanesque/' and ** Norman." 
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Sionv- equal to A 1, join IE, bisect the ume, and proceed as lines as shown, which is better; then 5,6, will be the Stou*- 
ilaaoarj. before. The points FG, as has bdbre been explained, are centres of the upper quatre-foil. From the line 1,2, on Uuoary. 
'■"'-v'^ the points whn« the circles will touch each other. The the same perpendicular as last, set down similar points as ^<— v"*^ 
A n:hjc^u. joints to these arches will all radiate to their respective at 7. These will be the centres for the lower sub-division 
centrea, as has before been explained in sees. 103, 104. as shown. Next draw «A/aD(l nib-divide by Bitnilar per- 
Uooldidgi. 1^ '^'■^ mouldiDgs of tnedisval architecture are almost pendiculars, and where the lines intersect, as at 8,9, will 
infinite in variety, and even a short description of those be the centres for the upper sub -divisions. The lines thus 
used in each style would exceed our limits. They are drawn will form a species of skeleton diagram, as shown on 
sometimes set out with the compasses, and many often the right aide of fig. 67, which is called the ekmttU tf thtsitmaaiot 
appear to have beeu drawn by eye. We must r^er our tracery, and is in fact the centre line of the mullion, astraouy. 
re*ders to the works of Willis, Faley, and particularly uf shown by a, fig. 68. On each side of this, using always 
HomeDcta J. H. Parker, for their description. A very curious treatise tlie same centres for the same branches, 
tor* of. was published by the former eentleman called the Arehi- draw lines, showing the &ce (or what 
Uetural Nomenelalitre <f the Middle Age*, which goes at the workmen call the nott) of the mul- 
great length into the subject A bead or astragal seems to lion, and answering to be; and then 
nave been called a bowtelle ; a torus, a grete bowtelle ; a others answering to the sides of the 
hollow or scotia, a casement; an ogee, a ressaunte, ftc, mullion as de. Any other mouldings 
ftc ; but the subject is too long to be discussed io our upon their sides or faces may be 
pages. drawn in like manner. Put in the cusp- 
Window 186. The various sorts of tracery which adorn the win- — ' ' ■'- - 
tncerj. dows of the medieval periods, and are in fact their greatest 
glory, are treated of in the art. Abchitectcbb, and speci- 
mens given in the different plates, particidarly Plate 
XIX., figs. 4 to 8. The designs for these are almost 
infinite, and the various methods of setting them out would 
fill a volume. But although they display such ingenuity 
and fancy that one would think the design to be quite 
arbitrary, it is a ourious feet they are all, or very nearly all, 
set out on the principle of geometrical intersections. An 
example, therefore, is given (fig. 67) to show the principli 



ings as shown, and the tracery is com- 
plete. The practical stone-mason will Jt 
take care never to make a joint where tr 
there is an angle of any sort, as the 
point of a cusp. Io all cases the joints Fif.«a. 
must tend to the centres of the circles from which they 
are struck, and where the lines branch off in two direction*, 
the joints must not be in one line, but must tend in two, 
or as many directions as there are branches, and each to 
the centres of such respective branch. When the lines 
per7>endicular, as at c<^ and at the joint below A, the 



n which the medimval architects proceeded to describe joints are horizontal. A close inspection'of fig. 67, where 

the tracery, and also the method of finding the joints of they are carefully drawn, will elucidate the matter more 

the Tarious [neces of stone. Let a & be Uie opening of than any number of words can do. Our readers would 

the arch ; as there are to be two mullions, divide the scarcely believe that the elaborate west window at York 



came into three equal parts, as a e, c 4 ^^\ then determine 
the points firom which to strike the arch. In this instance, 
fer the sake of umplicity, we make it equilateral (sec. 1S2 
and fig. 64) ; a and b then are the centres for striking the 
mun arch aeg^ hfg, and the height o^ is that of an equi- 
lateral triangle. Produce the sprineing line, and the 



entirely set out on this principle ; and so is the still more 
remarkable instiuice, the eastern window at Carlisle, which 
is composed of 86 pieces of stone, and the design for 
which is drawn firom 263 centres. On no account should Cmnpa, 
iron be used as cramps or dowels in Gothic work, as it rusts dowtls, Ac 
and breaks pieces out of the stone. The best material i 



same opening of the compasses through e, and d will give slate run with tlie Portland cemenL Lead is often used ; 
the [mncipal inner branches of the tracery e^, df. Prom but any metal will expand and contract with heat and 
the centre o, with an opening extending to the middle of cold, and its use is mu^ better avoided altc^ther. 



the lights ac,db, strike a semicircle, raise perpendiculars 
from c and d to 1 and 2 ; draw a line through 1 and 2 ; on 
thu and the springing line will be found the centres of the 



the upper construction of windows and doors, and uf aisle Rdlevlng 

arches, should be protected from superincumbent pressure srebM. 

by strong relieving arches above the labels (see fig. 67), 

which should be worked in with the ordinary masonry of the 

walls, and so set that the weight above should not presa on 

the fair work, in which case the joints of the tracery, &c, 

will sometimes flush or break ouL 

187. Hediseval vaults differ much from those before v»iiitl no. 

described, principally that the crowns <A,ed,txe not level, 

as shown in fig. 52, but all have a slight curve or s|»ing, 

and the filling-in between them also is slightly curved, ao as 

to partake in some degree 

of the character of the 

dome as well as of the 

graiued arch. Bearing 

uiis carefully in min^ 

and setting the lines out 

thus on the sections, the 

rules we have given for 

finding the various lines 

fiir groins (120-125) will 
ft I • d h apply as well to Gothic 

Vit-v, groins as to those of ordi- iii-w. 

lower OMca; biaect the line from the intersection 1,2, in nary character ; the principle of working from plan, section, 
k, whidi is in fiu:t the same thmg as dividing the whole and stretch-out being the same, though for the most part 
height og into three ; divide hg into three parts, as S, 4 ; the ribs in early vaulting are not true segments of ellipses, 
through 8 draw a horixontal line, and set off from 8 equal but approximations drawn by the compasses. The triumph 
to ono-tbird of the width od^ or draw the perpendicular of medisEval stone- masonry, however, is that species of 
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Artlfldal gnim known «8 fiui vaulting. ThU is unlike that of any 
Stonet. other age or time. The roofs of King^s College Chapel, 
^^^^y'^m/ Cambridge, and of Henry VII.'s Chapel at W^tminster, 
Fan raoli- are eminent examples. It is impossible in our limited space 
ing. to give demonstrations ^f them, and we must refer our 

readers to the admirable treatises on the subject by Professor 
Willis, published in the first volume of the Transactions ^ 
ihe JnstUuU ^ British Architects. The filUng-in between 
the ribs of mediseval groins is generally of clunch or some 
soil stone, over which some concrete is placed in such man- 
ner as to bind all together, and to resist the thrust. 
BpiMt 138. The bold and beautiful termination to mediaeval 

towers, which the French call fldches and we call spires, 
is another proof of the skill of the mediaeval masons. 
These are generally octagonal, and rise partiy from the 
walls of the tower and partiy from arches thrown angle- 
wise firom wall to wall, to cut off the comers, as it were, 
and afllbrd a springing to the spire. The wonder of these 
constructions is their extreme thinness and lightness. The 
top of the spire at Salisbury is 411 feet from the ground, 
of which 2(j7 is taken up by the tower, leaving, of course, 
204 feet for the height of the spire itself; this is only 9 
inches thick at the bottom, diminishing to 7 inches, or on 
an average only about the three-hundredth part of its 
height. It has been attempted to show matnematically 
that the joints of a spire would be stronger if at right 
angles to its fiice ; but they would then slope inwards and 
hold the wet, which in sudden frosts would do most serious 
injury ; practically, therefore, it is found best to lay the 
courses on a level bed. They should, however, be fre- 
quentiy dowelled and cramped together, but not with 
metal, as above stated. 



VI.— ON ABTIFICIAL STONES, AND ON THE INDURATION OF 

SOFT STONES. 

Cements 139. The great expense of obtaining and working Port- 
and terra land has driven our masons into the use of the softer free- 
cottaa. stones. These (as has before been described, sec. 19, &a), 
are liable to rapid decay from the action of frost and wet, 
and in towns from the action of the sulphurous acid in the 
coal-smoke. To avoid these inconveniences several con- 
trivances have been resorted to within the last century to 
obtain a cheap and durable material in which to execute 
external architectural ornament ; or to invent some process 
by which sofl stones may be so protected by an outer coat 
of impervious matter as to throw off the wet ; or may be so 
indurated as to resist the ordinary wear to which Portland 
or the harder stones may be subjected. The earliest at- 
tempts were to manufacture a hard hydraulic cement, which 
mieht be modelled witii the tool, or cast into moulds. The 
eaniest use of this is said to have been by the Adam's, it suit- 
ing very well with the low relief of their style of ornamenta- 
tion. (For an account of cements, see this article, sec 22, iil 
stgnraJ) Another method, which has been firequentiy tried 
witii success, but seems too expensive to come into general 
use, was to model the ornaments in good plastic clay, as 
colourless as possible, and burn them in kilns. The best 
Oo«de'a known of these systems was that called Coade's artificial 
artificial stone, the manufactory of which, however, is now discon- 
stone. tinned. (For an account of this species of manufiicture, see 
PoTTEBT, TsBRA CoTTA, &c.) A metiiod, however, which 
seems to bid fair to excel them all in beauty, cheapness, 
Ranaome'a. and durability is that patented by Mr Ransome of Ipswich. 
It appears, the idea suggested itself to him as long back as 
1844, that if he could mix sand, or pounded flint with 
anything that would make a sort of fluid glass, and stick it 
together, as it were, in a pasty state, it might be pressed into 
moulds, and when dry it would form a sort of strong elass. 
Af^er a variety of experiments, and trying to accomplish his 
obiect through a number of changing theories, he at length 



succeeded in the following process. He first obtains a Artificial 
strong caustic alkali, which is purified by a most ingenious Btonea. 
process. This is made, by the assistance of steam and heat, ^"^^^/^^ 
to act upon some broken flints, which it does, and the alka- 
line solution is then drawn off and evaporated till it becomes 
the thickness of treacle. One part of this is mixed with 
ten parts of sand, one of flint, and one of day. The whole 
is kneaded up till like putty, so as to be readily pressed 
into moulds, and so as to take the sharpest forms. Our 
space will not permit us to give the fUl details ; but it may 
suffice to say that the objects, after beinff dried in dose 
stoves, are then submitted to a strong red-heat in a kiln 
like that of a potter, which drives off all the alkaline 
and other chemical agents in the process, and leaves the 
granules of the sand and flint enveloped in, and, as it were, 
stuck together by a sort of glass. Time alone, however, 
can only ultimately show the results. At present the ma- 
terial seems of beautiful colour, texture, ana sharpness ; and 
unless some unknovm or unforeseen chemical agent should 
act upon it, Ransome's stone appears to be indestructible. 

140. The rendering soft stones hard, and the protecting Induration 
the sur£su:es from the weather when worked and set, hasof >tone. 
been the subject of great investigation lately. The idea of 
the latter seems to have originated with the late well- 
knovm John Sylvester, who tried the method of washing Sylveater'a. 
over the faces of stone walls with first a solution of soap 
and then of alum. Another method was that of washing 
with what was called water-elass, or rilicate of potash, both Water- 
of which are said to have miled. The next idea was togi***- 
soak the stone, or in some way to cause the surface to im- 
bibe a quantity of oily or £sitty matters to throw off theOleaginona 
wet, as well .as to harden the stone itself. The first patent pn'c^u*** 
was taken out by Mr Hutchison, at Tunbridge Wells, in Hatchi- 
1847, and was applied to the new sandstone tiiere. The^o^**- 
stones, when worxed, were boiled in a solution of resin, 
turpentine, wax, oil, &C., and sometimes, we believe, pitch, 
till they were impregnated a suffident depth from the 
surfiure. In 1851 Mr Barrett took out a patent something Barrett^a. 
like the preceding, but far more elaborate ; in fact, too long 
to be described in our pages. The main elements, how* 
ever, were resins, fiits, and tallows, some of which were 
mixed with gutta-percha, unslacked lime, copperas, and a 
number of other ingredients. In April 1 866 Mr Daines took D^nee'a 
out a patent, not so much to indurate stone, but to preserve 
stone, or cement walls firom damp and efflorescence. His 
process was to apply, first, a solution of sulphate of zinc, or 
solution of alum, to the wall, and then a composition of 
sulphur dissolved in oil. In the same year, and in the 
next month, Mr Page took out a patent for a similar pur- Page's, 
pose ; his material was wax dissolved in coal-tar, naphtha, 
or, for more delicate work, in camphine. We are in- 
formed the manu&cture of the first of these patents is dis- 
continued, but not from any failure of process. Of the 
others it is impossible to say much, as so littie time has 
elapsed since they commenced, and as early experiments in 
all manufactures often fail ; judging, however, on the grounds 
expressed as to mastic (37, svpra)^ we should fear they 
would fiul from a like cause, especially as such very volatile 
media as naphtha, camphine, &c., are used. Mr Ransome's, Ransome'b 
however, seems to promise better. His is deduced firom 
his experiments on the artificial stone. It consists of treat- 
ing the surface of the stone first with a solution of silicate 
of potash or soda, and then with a solution of the chloride 
of barium, or chloride of calcium, by which means an in- 
soluble silicate, either of barium or lime, is deposited in the 
pores of the stone. The most extraordinary results, how- 
ever, are promised by Mr Szerdmey's process. The author Ssarel- 
of this article has been informed by that gendeman that itn^y's* 
will not only entirely protect the surface of stone or bricki 
or cement, but of iron ; as a proo^ he states that an anchor 
coated with it was sunk in the sea many m<mthS| And raised 
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Arch, again without trace of oxidation. As hb process is a pro- 
found secret, and his experiments are now in |»rogre8S, it is 
impossible to pronounce an opinion on the subject 

The principal works on Stone- Masonry are as follows :-— 

iWe^. — JooMe de la Fl6che, S4eretM tVArehiteetwrtf foL 1642. 
Bosse, La I^cuiqtU d» Trait pour la Cfoupe dt» Pierru, fal. 1643. 
Francc^fl Derrand, Vet TraiU ei Coup* du VotUes, fol. 1643. 
De la Rue, 7Vat<« d€ la Coupe des PierrUy fol. 1728. Fr6sier, IVaice 
d$ StireotomU, 4to, 1737-57; EUmentt de Stereotowue, 1759. Simo- 
nin et Delagardette, J^aiti de la Cfoupe dee Pierree, 4to, 1792. 
Dooliot, TroiU Spedale du Coupe det Pierree, 4to, 1825. Vorle- 
giUaUer^ pear Maurer, fol. 1835. AdhSmar, TraiU de la Coupe dee 



PierreSf foh 1836-40. Normand, Spuree d^Esealiere en Pierre, 4to^ 
1838. Le Roy, Trait/ de Qiometrie Descriptive, 4to, 1850. Glaudel 
et Laroque, Ma^nnerie Pratique, 8to, no date. Besides these see 
the article Mafonnerie in the various Encyc]o[>6dids, and the famous 
general treatise hy Rondelet, L'Art de JBtM Bdtir, and the older 
work of De L'Orme, fol. 164a 

In JSnglith.—Uoxon, MecKanick Swereieee, 4to, 1677-93, 1700. 
Batty Langley, Ancient Masonry, fol. 1736. Nicholson, Pretetieal 
Builder, 4to, 1823, &c.; PracticcU Treatise on Masonry, 8vo, 1828 ; 
Ouide to Railway Masonry, 8vo, 1839-46. Practical Masonry, Brieh- 
laying^ &c., 4to, 1830. Dobson, Rudimentary Treatise on Masonry, 
4to, 1849-56. Besides the Talnable articles in Owilt*s well-known 
Dictionary o/ Architecture, and Cresy's on Engineering, (▲« A,) 



Areh. 



A K H, 



We are disposed to give the Greeks the merit of dis- 
covering the arch ; for we observe arches in the most 
ancient buildings of Greece, such as the temple of the sun 
at Athens, and of Apollo at Didymos — ^not indeed as roofs 
to any apartment, nor as parts of the ornamental design, 
but concealed in the walls, covering drains or other neces- 
sary openings ; and we have not found any real arches in 
any monuments of ancient Persia or Egypt. Sir John 
Cbardin speaks of numerous and extensive subterranean 
passages at Tchelminar, built of the most exquisite ma- 
sonry, the joints so exact, and the stones so beautifully 
dressed, that they look like one continued piece of polished 
marble ; but he nowhere says that they are arched — a cir- 
cumstance which we think he would not have omitted : no 
arched door or window is to be seen. Indeed one of the 
tombs is said to be arch-roofed, but it is all of one solid 
rock. No trace of an arch is to be seen in the ruins ot 
ancient Egypt ; even a wide room is covered with a single 
block of stone. In the p3rramids, indeed, there are two 
galleries whose roo& consist of many pieces; but their con- 
struction puts it beyond doubt that the builder did not know 
what an arch was ; for it is covered in the manner repre- 
sented in fig. 5, where every projecting piece is' more than 
balanced behind. Yet there are perfect arches, both 
circular and pointed, in the pyramidal remains at. Djebel- 
el-Berkel, tne ancient Napata, in Meroe, the cradle of 
Egyptian art. The arched dome, however, seems to have 
arisen in Etruria, and originated in all probability from the 
employment of the augurs, whose business it was to observe 
the flight of birds. Their stations for this purpose were 
tempia, so called a tempiando, on the summits of hills. To 
shelter such a person firom the weather, and at the same 
time allow him a full prospect of the country around him, 
no building was so proper as a dome set on columns; 
which accordingly is the figure of a temple in the most 
ancient monuments of that country. We do not recollect 
a building of this kind in Greece except that called the 
Lanthom of Demosthenes, but this is covered by a single 
stone. In the later monuments and coins of Italy or of 
Rome we commonly find the Etruscan dome and the Gre- 
cian temple combined ; and the famous Pantheon was of 
this form, even in its most ancient state. 

9. It does not appear that the arch was considered as a 
part of the ornamental architecture of the Greeks during 
the time of their independency. It is even doubtful whe- 
ther it was employed in roofing their temples. In none of 
the ancient buildinss where the roof is gone can there be 
seen any rubbish of the vault or mark of the spring of the 



arch. It is not unfirequent, however, afler the Roman con- 
quest, and may be seen in Athens, Delos, Palmyra, Balbeck, 
and other places. It is very frequent in the magnificent 
buildings of Rome, such as the Coloseum, the baths of 
Diocletian, and the triumphal arches, where its form is evi- 
dently made the object of attention. But its chief employ- 
ment was in bridges and aqueducts ; and it is in these works 
that its immense utility is the most conspicuous : for by this 
happy contrivance a canal or a road may be carried across 
any stream, where it would be almost impossible to erect 
piers sufficiently near to each other for carrying lintels. 
Arches have been executed 130 feet wide, and their execu- 
tion demonstrates that they may be made four timea as 
wide. 

10. As such stupendous arches are the greatest perfor- 
mances of the masonic art, so they are the most aifficult 
and delicate. When we reflect on the immense quantity 
of materials thus suspended in the air, and compare this 
with the small cohesion which the firmest cement can give 
to a building, we shall be convinced that it is not by the 
force of the cement that they are kept together; they 
stand fast only in consequence of the proper balance of all 
their parts. Therefore, in order to erect them with a 
well-founded confidence of their durability, this balance 
should be well understood and judiciously employed. We 
doubt not but that this was understood in some degree by 
the engineers of antiquity ; but they have lefl us none of 
their knowledge. They must have had a great deal of 
mechanical knowledge before they could erect the magni- 
ficent and beautiful buildings whose ruins still enchant the 
world ; but they kept it among themselves. We know that 
the Dionysiacs of Ionia were a great corporation of architects 
and engineers, who undertook and even monopolized the 
building of temples, stadiums, and theatres, precisely as the 
fraternity of masons in the middle ages monopolized the 
building of cathedrals and conventuiQ churches. Indeed 
the Dionysiacs resembled the mystical firatemity now called 
Free-masons in many important particulars. They allowed 
no strangers to interfere in their employment ; they recog- 
nised each other by signs and tokens ; they professed cer- 
tain mysterious doctrines, under the tuition and tutelage of 
Bacchus, to whom they built a magnificent temple at Teos, 
where they celebrated his mysteries as solemn festivals; 
and they called all other men profane because not admit- 
ted to these mysteries. But their chief mysteries and 
most important secrets seem to be their mechanical and 
mathematical sciences, or all that academical knowledge 
which forms the regular education of a civil engineer. 

2b 
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Aich. We know that the temples ot the gods and the theatres ed that way, erected some clumsy buttresses on the east Arch, 

required an immense apparatus of machinery for the ce- wall of the square which surrounded the whole Greek ^^^v*^ 

lebration of some of their mysteries ; and that the Diony- cross, and was roofed in with it, forming a sort of cloister 

siacs contracted for those jobs, even at far distant places, round the whole. These buttresses, spanning over this 

where they had not the privilege of building the edifice cloister, leaned against the piers of the dome, and thus 

which was to contain them. This is the most likely way opposed the thrusts of the great north and south arches, 

of explaining the very small Quantity of mechanical know- The dome was now turned for the third time, and many 

ledge that is to be met with in the writings of the an- contrivances were adopted for making it extremely light 

cient9. Even Vitruvius does not appear to nave been of It was made offensively flat, and, except the ribs, was 

the fraternity, and speaks of the Greek architects in terms roofed with pumice stone ; but, notwithstanding these pre- 

of respect next to veneration. The Collegium Murario' cautions, the arches settled so as to alarm the architects, 

TufOf or incorporation of masons at Rome, does not seem and they made all sure by filling up the whole from top to 

to have shared the secrets of the Dionysiacs. bottom with arcades in three stories. The lowest arcade 

11< The art of building arches has been most assidu- was very lofty, supported by four noble marble columns, 

ously cultivated by the associated builders of the middle and thus preservea in some measure the church in the 

ages of the Christian church, both Saracens and Christians, form of a Greek cross. The story above formed a galler}*^ 

and they seem to have indulged in it with fondness: they for the women, and had six columns in front, so that 

multiplied and combined arches without end, placing them they did not bear fair on those below. The third story 

in every possible situation. was a dead wall filling up the arch, and pierced with three 

12. Having studied this branch of the art of building rows of small, ill-shapea windows. In this unworkman- 
with so much attention, they were able to erect the most like shape it has stood till now, and is the oldest church 
magnificent buildings with materials which a Greek or in the world ; but it is an ugly mis-shapen mass, more re- 
Roman architect could have made little or no use of. semblinff an overgrown potter's kiln, surrounded with fur- 
There is infinitely more scientific skill displayed in a naces pierced and patcned, than a magnificent temple. 
Gothic cathedral than in all the buildings of Greece and We have been thus particular in our account of it, because 
Rome. Indeed these last exhibit very little knowledge this history of the building shows that the ancient archi- 
of the mutual balance of arches, and are full of cross tects had acquired no distinct notions of the action of 
blunders in this respect ; nor could they have resisted the arches. Almost any mason of our time would know, 
shock of time so long, had they not been almost solid that as the south arch would push the pier to the east- 
masses of stone, with no more cavity than was indispensa- ward, while the east arch pushed it to the southward, the 
bly necessary. buttress which was to withstand these thrusts must not 

13. Anthemius and Isidorus, whom the Emperor Justi- be placed on the south side of the pier, but on the south- 
nian had selected as the most eminent architects of Greece, east side, or that there must be an eastern as well as a 
for building the celebrated church of St Sophia at Con- southern buttress. 

stantinople, seem to have known very little of tliis matter. 14. No such blunders are to be seen in a Gothic cathe- 
Anthemius had boasted to Justinian that he would outdo dral. Some of them appear, to a careless spectator, to 
the magnificence of the Roman Pantheon, for he would be very massive and clumsy ; but when judiciously ex- 
hang a greater dome than it aloft in the air. Accord- amined, they will be foundf very bold and light, being 
ingly he attempted to raise it on the heads of four piers, pierced in every direction by arcades; and the walls are 
distant from each other about 1 15 feet, and about the same divided into cells like a honeycomb, so that they are very 
height. He had probably seen the magnificent vault- stiff, while they are very light. 

ings of the temple of Mars the Avenger, and the temple 15. About the middle, or rather towards the end, ofDrHocke^t 
of Peace at Rome, the thrusts of which are withstood by last century, when the Newtonian mathematics opened P^^^^pl^^^ 
two masses of solid wall, which join the side walls of the the road to true mechanical science, the construction of ^^^^ 
temple at right aneles, and extend sidewise to a great dis- arches engrossed the attention of the first mathematicians, 
tance. It was evident that the walls of the temple could The first hint of a principle that we have met with is Dr 
not yield to the pressure of the vaulting without pushing Hooke*s assertion, tnat the figure into which a chain or 
these immense buttresses along their foundations. He • rope, perfectly flexible, will arrange itself when suspended 
therefore placed four buttresses to aid his piers. They from two hooxs, is, when inverted, the proper form for an 
are almost solid masses of stone, extending at least ninety arch composed of stones of uniform weight. This he af- 
fect from the piers to the north and to Uie south, form- firmed on the principle, that the figure which a flexible 
ine as it were the side walls of the cross. They effectu- festoon of heavy boaies assumes, when suspended from 
a1^ secured them from the thrusts of the two great arches two points, is, when inverted, the proper form of an arch 
of the nave which support the dome; but there was no of the same bodies, touching each other in the same 
such provision against the push of the great north and points ; because the force with which they mutually press 
south arches. Anthemius trusted for this to the half on each other in this last case are equal and opposite to 
dome which covered the semicircular east end of the the forces with which they pull at each other in the case 
church, and occupied the whole eastern arch of the great of suspension. 

dome. But when the dome was finished, and had stood This principle is strictly just, and may be extended to 

a few months, it pushed the two eastern piers with their every case which can be proposed. We recollect seeing 

buttresses from the perpendicular, making them lean to it proposed in very eeneral terms in 1759, when plans 

the eastward, and the dome and half dome fell in. Isido- were forming for Blackfriars Bridge in London ; and since 

rus, who succeeded to the charge on the death of Anthe- it is perhaps equal in practical utility to the most elaborate 

mius, strengthened the piers on the east side by filling investigations of the mathematicians, our readers will not 

up some hollows, and again raised the dome. But things be displeased with a more particular account of it in Uiis 

^ve way before it was closed ; and while they were build- place. 

mg in one part, it was falling in in another. The pillars 16. Let ABC {^g. 6) be a parcel of magnets of anv expUizteo 

and walls of the eastern semicircular end were much shat- size and shape, and let us suppose that they adhere with ^^^^^ 

tered by this time. Isidorus seeing that they could give great force by any points of contact. Tliey will compose ^I^VIIL 

no resistance to the push which was so evidently direct- such a flexible festoon as we have been speaking ot if 
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Arch, suspended from the points A and C. If this figure be in- sponding points 1, 2, 3, &c* Now take pieces of another Arch. 
- J ^ — ^ Tcrted, preserving the same points of contact^ they will chain, and hangthem on at the points 1, 2, 3, &c. of the 
remain m equDibrio* It will indeed be that kind of equi- chain A/B. This will alter the form of the curve. Cut 
librium which will admit of no disturbance, and which or trim these pieces of chain, till their lower ends all co- 
may be called a Mtering eqidUbrium, If the form be al- incide wiUi the inverted road-way cde. The greater 
tered in the smallest degree, by varying the points of con- lengths that are hung on in the vicinity of A and B will 
tact (which indeed are points in ihejiffure ofequUibratkm)^ pull down these points of the chain, and cause the middle 
the magnets will no more recover their former position point ^ (which is less loaded) to rise a little, and ^ill 
than a needle, which we had made to stand on its point, bring it neai' to its proper height 
will regain its perpendicular position after it has been It is plain that this process will produce an arch of per- 
disturb^ feet equilibration ; but some further considerations are ne- 
But if we suppose planes de^fg^ h t, &c. drawn through cessary for making it exactly suit our purpose. It is an 
thepoint8ofmutualcontactii,6,c, each bisecting the angle arch of equilibration for a bridge that is so loaded that 
formed by the lines that unite the adjoining contacts (jg^ the weight of the arch-stones is to the weight of the mat- 
for example, bisecting the angle formed by a 6, 6 c), and if ter with which the haunches and crown are loaded, as the 
we suppose that the pieces are changed for others of the weight of the chain A/B is to the sum of the weights of 
same weights, but having flat sides, which meet in the all the little bits of chain very nearly. But this proper- 
planes de^ fg^ h t, &c^ it is evident that we shall have an tion is not known beforehand ; we must therefore proceed 
arch of equilibration, and that the arch will have some sta- in the following manner : — Adapt to the curve produced 
bility, or will bear a little change of form without tumbling in this way a thickness of the arch-stones as great as are 
down : for it is plain that the equilibrium of the original thought sufficient to insure stability ; then compute the 
festoon obtainea only in the points a, 6, e^ of contact, weight of the arch-stones, and the weight of the gravel or 
where the pressures were perpendicular to the touching rubbish with which the haunches are to be filled up to the 
surfaces ;* therefore, if the curve a, 6, e, still passes through road-way. If the proportion of these two weights be the 
the touching surfaces perpendicularly, the conditions that same with the proportion of the weights of chain, we may 
are requirea for equilibrium still obtain. The case is rest satisfied with the curve now found ; but if different, 
quite similar to that of the stability of a body resting on we can easily calculate how much must be added eoually 
a horizontal plane. If the perpendicular through the to or taken from each appended bit of chain, in oraer to 
centre of gravity falls within tne base of the body, it will make the two proportions equal. Having altered the ap- 
not only stand, but it will require some force to push it pended pieces accordingly, we shall get a new curve, 
over. In the original festoon, if a small weight be added which majr perhaps require a very small trinuning of the 
in any part, it will change the form of the curve of equi- bits of chain to roake them fit the road-way. This curve 
libration a little, by changing the points of mutual con- will be very near to the curve wanted, 
tact. This new curve wul gradually separate from the We have practised this method for an arch of 60 feec 
former curve as it recedes from A or C. In like manner, span and 21 feet high, the arch-stones of which were only 
when the festoon is set up as an arch, if a small weight be two feet nine inches long. It was to be loaded with gra- 
laid on any part of it, it will bring the whole to the vel and shivers. We maae a previous computation, on the 
ground, because the shifting of the points of contact will supposition that the arch was to be nearly elliptical. The 
be just the contrary to what it should be to suit the new distance between the points 1, 2, 3, &c. were adjusted, so 
curve of equilibration ; but if the same weight be laid on as to determine the proportion of the weiehts of chain 
the same part of the arch now constructed with flat joints, agreeable to the supposition. The curve mffered consi- 
it will be sustained if the new curve of equilibration still derably from an ellipse, making a considerable angle with 
passes through the touching surfaces. the verticals at the spring of Uie arch. The real propor- 
17. These conclusions, which are very obviously de- tion of the weights of cmiin, when all was trimmed so as 
dttcible from the principle of the festoon, show us, without to suit the road-way, was considerably different from what 
any further discussion, that the longer the joints are, the was expected. It was adjusted. Ine adjustment made 
greater will be the stability of the arch, or that it will re- very little change in the curve. It would not have changed 

auire a greater force to break it down. Therefore it is of it two inches in any part of the real arch. When the pro- 
le greatest importance to have the arch-stones as long as cess was completed, we constructed the curve mathema- 
economv will permit ; and this was the great use of the tically. It did not differ sensibly from this mechanical 
ribs and other apparent ornaments in the Gothic architec- construction. This was very agreeable information ; for 
tmre. The great projections of those ribs augmented their it showed us that the first curve, formed by about two 
stiffiiess, and enabled them to support the unadorned com- hours' labour, on a supposition considerably different firom 
partments of the roof, composed of very small stones, sel- the truth, would have been sufficiently exact for the pur- 
dom above six inches thick. Many old bridges are still pose, being in no place three inches from the accurate 
remaining^ which are strengthened in the same way by curve, and therefore far within the joints of the intended 
ribs. arch-stones. Therefore this process, which any intelli- 
Having thus explained, in a very famOiar manner, the gent mason, though i^orant of mathematical science, 
stability of an arch, we proceed to give the same popular may go through with little trouble, will give a very pro- 
account of the ^neral application of the principle. per form for an arch subject to any conditions, 
aod ap- 18. Suppose it be required to ascertain the form of an 19. The chief defect of the curve found in this waj is 
plied. arch whicn shall have the span AB (fig. 7), and the height a want of elegance, because it does not spring at right 
P8, and which shall have a road-way of the dimensions angles to the horizontal line; but this is the case with all 
?i^t^TT ^^^ above it. Let the figure AClJEB be inverted, so curves of equilibration, as we shall see by and by. It is 
T-T «TTTT ^ ^ ^^^^^ ^ figure Acc/eB. Let a chain of uniform not material; for, in the very neighbourhood of toe piers» 
thidcness be suspended from the points A and B, and let we may give it any form we please, because the masonry 
it be of such a length that its lower point will han^ at, or is solid in that place ; nay, we apprehend that a deviation 
rather a little below, / corresponding to F. Divide AB from the curve of equilibration is proper. The construo- 
into a number of e^ual parts, in the points 1> 2, 3, &c. tion of that curve supposes that the pressure on eveiy 
and draw vertical ImeSi cutting the chain in the corre« part of the arch is vertical ; but gravely earth, and rub* 
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Arch, bish, exert somewhat of a hydrostatical pressure laterally thrust in every angle of the polygon, C i and C b will Axcb. 

<^^>r^^ in the act of settling, and retain it afterwards. This will severally represent 3ie thrusts exerted by the pieces DC, ^•^"y^^^ 

require some more curvature at the haunches of an arch BC, and that bdy or CN, will .represent the weight lying 

to balance it ; but what this lateral pressure may be, can- on the angle BCD, by which those thrusts are balanced 

not be deduced with confidence from an^ experiments that In the mean time the reader may, without that article, 

we have seen. We are inclined to thmk, that if, instead understand the nature of the equiin)rium in the following 

of dividing the horizontal line AB in the points 1, 2, 3, manner. Produce dC to o^ to that Co may be equal to 

&c we divide the chain itself into equal parts, the curve C d. Draw ^ to the vertiod parallel to cf C, and join no. 

will approach nearer to the proper form. It is evident that ^noC is a parallelogram, and that 

llieory 20. After thisfamiliar statement of the general principle, n C (=b(i) = CN. Now the Uirust or support of the 

founded on it is now time to consider the theory founded on it more piece BC is exerted in the direction C by while that of 

uusprm- Ij^ detail. This theory aims at such an adjustment of the DC is exerted in the direction C o. These two thrusts 

"^^ ' position of the arch-stones to the load on every part of the are equivalent to the thrust in the diagonal C n ; and it 

arch, that all shall remain in equilibrio, although the joints is with this compound thrust that the load or vertical 

be perfectly polished and without any cement. The whole pressure CN is in immediaie equilibrium. 

may be reduced to two problems. The first is to deter- 22. Because bCL^ NCF are right angles, and FCL is 

mme the vertical pressure or load on every point of a line common to both, the angles bCF and MCL are equal; 

of a given form, which will put that line in equilibrio. therefore the right-angled triangles bCF and MCL are 

The second is to determine the form of a curve which similar. And since CF is equal to CL, Cb is equal to CM. 

shall be in equilibrio when loaded in its different points, It is evident that the trianf^es GCM and </CN are sinu- 

accordiuR to any given law. ... ^^^' Therefore CG : Crf = CM : CN = C 6 : C N. There- 

The whole theory is deducible from one principle, which Cb X Cd 

will be found fully developed in the article Roof. It is this: ^ore we have CN = — ^ — . But because CDP and 

when an assemblage of beams or other pieces of solid ^^^ r^ 'i.. % j*/* i «« i 

matter AB, BC, Cfi, DE, fig. 8, freely movable about iu ^^^ are right angles, and therefore ejual, wd the an|^^ 

angles as so many joints, is retained in equilibrium by the 9^^ *« ^"JS^"^ ^ ?« two tnangles GCL, PCD, and CD 

joint effect of the pressures producedby the weight of its " ^^^ ^ ^^ ^« »«^^e ^^ ^^^ ^ ^^5 therefore CN 

piurto, the thrust at any angle, if estimated in a horizon- ^ 2^2L^. Also, smce CDP is a right angle, DP 

tal direction, is the same throughout, and may be repre- CF ° ° 

sented by any horizontal line BT ; and that if a vertical meets the diameter in Q, the opposite point of the circum- 

line QS be drawn through T, the thrust exerted at any ference, and the angle DQC is equal to DCc or cCb (be- 

angle D by the piece CD, in its own direction, will then cause bCd is bisected by the tangent), that is, to PCQ 

be represented by BR, drawn parallel to CD ; and in like (because the right angles bCF^ cCO are equal, and eDP 

manner, that the thrust in the direction ED is represent- ig common). Therefore PQ is equal to PC ; and if PO 

ed by BS, &c. ; and, lastly, that the vertical thrust or be drawn perpendicular to CQ, it will bisect it, and O is 

loads at each angle B, C, D, by which all these other the centre of the circle BCDQB. 

pressures are excited, are represented by the portions Now let the points B and D continually approach to C 

QC, CR, RS, of the vertical intercepted by those Imes ; (by diminishing die radius of the small circle), and ulti- 

that is, all these pressures are to the uniform horizontal mately coincide with it. It is evident that the circle 

thrust as the lines which represent them are to BT. The BCDQ is ultimately the equicurve circle, and that PC 

horizontal thrust, therefore, is a very proper unit, with ultimately coincides with OC, the radius of curvative. 

which we may compare all the others. Its magnitude is Also CbxCd becomes ultimately Cc». Therefore CN, 

easily deduced from the same proposition ; for QS is the the vertical load on any point of a curve of equUibration, 

sum of all the vertical pressures of the angles, and there- . Ci^ 

fore represents the weight of the whme assemblage. *® " |[J[57curv"' 

Therefore as QS is to BT, so is the weight of the whole to t^ • /• \t_ ' -js ^ ^t. ^ r%T> • . r^ j« -. -.i. 

the horizontal thrust. ^^ « ^frther evident that CF is to Cc as radius to the 

21. To accommodate this theory to the construction of f^^J"^ *« elevation of the tangent above the horizon, 

a curvilinear arch vault, let us first suppose the vault to be Therefore we have the load on any pomt of the curve al- 

polygonal, composed of the chords of the elementary ^^yg proportional to — ^1-=— 1. 

arcnes. Let aVE (fig. 12) be a curvilinear arch, of which Rad. Curv. 

V is the vertex, and VX the vertical axis, which we shall This load on evenr elementary arch of the wall is corn- 
consider as the axis or abscissa of the curve, while any monly a quantity of solid matter incumbent on that ele- 
horizontal line, such as HK, is an ordinate to the curve, ^ent of the curve, and pressing it verticaUy ; and it may 
About any point C of the curve, as a centre, describe a he conceived as made up of a number of heavy lines 
circle BLD, cutting the curve in B and D. Draw the standing vertically on it. Thus, if the element E« of the 
equal chords CB, CD. Draw also the horizontal line CF, curve were lying horizontaUy, a litUe parallelogram REer 
cutting the circle in F. Describe a circle BCDQ passing standing perpendicularly on it would represent ite load, 
through B, C, D. Its centre O wiU be in a Ime COQ, B^t as this element Ee has a sloping position, it is plain 
which bisects the angle BCD ; and C e, which touches that, in order to have the same quantity of heavy matter 
this circle in C, will bisect the angle bCd, formed by the pressing it verticaUy, the height of the parallelogram must 
equal chords BC, CD. Draw CLP perpendicular to cA, he increased till it meeU in tp the line Ri drawn parallel 
and DP perpendicular to CD, meeting CL in P. Through to the tangent EG. It is evident that the angle^Ej ia 
L draw the tangent GLM, meeting CD in G, and the equal to the angle AEG. Therefore we have ER : Ef 
vertical line CM in M. Draw the tangent Fa, cutting — Ra^ s Sec. Elev. 

the chords BC, CD, in 6 and d, and the tangent to the ^ therefore the arch is kept in equilibrio by the verU- 

circle BCDQ in c. Lastly, draw d N parallel to be. cal pressure of a wall, we must have the height of the 

From what will be demonstrated m the article Roof, ^3^ ^^0^^ any point proportional toj^^^;^^. 

It appears that if BC, CD be two pieces of an equilibrat* ^ '^ '^ '^ Rad. of Curv. 

ed heavy polygon, and if CF represent the horizontal 2S. CaroL I. If OS be drawn perpendicular to the Corcilsrie^. 
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ATdj. Tertical CS, CS will be half the vertical chord of the of the curve vgcfy resting on the circumference AVE, Aith 

' equicurve circle. The angle OCS is equal to cCF, that is, will be greater in the same proportion, and the curve will*^ "^'^ 

to the angle of elevation. Therefore 1 : Sec Elev. ;? CS : cut the horizontal line drawn through v in some poinc 

CO nearer to v than c is. Hence it appears that a circular 

CO, and the secant of elevation may be expressed jy -^g , arch cannot be put in equilibrio by building on it up to a 

p^^ horizontal line, whatever be its span, or whatever be tlie 

and its cube by 7^ Therefore the height of wall is thickness at the crown. We have seen that when this 

CS^ thickness is only i^th of the radius, an arch of 120 de- 

. CO' CO' CO' , grees will be too much loaded at the flanks. This thick- 

proporuonal to ^gaJfcO' ^^ Q^ ^^ CS'XCS' ®' ness is much too small for a bridge, being only ^th of 

Sec' of Elev. ^^ ^P^"^ ^^> whereas it should have been almost aouble 

ir Tm! — - A a* • ^^ *^*s» *o ^®^ ^® inequalities of weight that may occa- 

Vert. Chord ot Curve sionally be on it. When the crown is made still thinner, 

CcToL 2. If we make the arch VC = «, the abscissa the outline is still more depressed before it rises again. 

VH = «, the ordinate HC = y, the radius osculi CO = r, Xhere is therefore a certain span, with a corresponding 

and the \ vertical chord CS = *, the height of wall press- thickness at the crown, which will deviate least of all from 

ing on any point is proportional to -^; or to ^, or a horizontal line. This is an arch of about 45 de^ees, 

° '' ^ ^ ^ ray^ 9ca^ the thickness at the crown being about one fourth of the 

^ + rf«2 • !• 1 . span, whicli is extravagantly great It appears in general, 

^^ * Therefore, when the equation of the curve is therefore, that the circle is not a curve suited to the pur- 

. ^^^ 1 ., ^ u^i^u* ^r-,«ii ^^ « ^«« «^:«* ^r u:- «i poses of a bridge or an arcade, which requires an outline 

given, and the height of wall on any one point of it w also ^^ , horizontf 1. 

given, we can determme it for anjr other pomt ; for the j^ g ^ ^ ^^ ^ ^^^^ ^yj. (g ^^^ ^ 

equauon of the curve wdl always give us the relation of ^^j^^ y j^ ^^ ^ ^^ j^^^^ directrix.^ firaw the 

d^^ rfy, and the value of r or *. This may be lUus- diameters DCF, GVN, the tangents CK, VP, and the or- 

trated by an example or two For this purpose it will ^ yp ^^^^^ \^ j^ well known that GV is to DC 

generally be most convement to assume the height above ^ yp, ^ ^.j^, ^^ ^ ^N' to CK'. Also 2 GV is the ra- 

the vertex V for the unit of computaUon. The thickness ^j^^^ ^^ ^^^ osculating circle at V, and 2 DC is one half of 

of the arch at the crown is commonly determmed by otiher ^^ ^^^^ j ^^^^ J ^^^ osculating circle at C. 

circumstances. At the vertex the tangent to the arch is ^ 

horizontal, and therefore the cube of the secant is unity Therefore CN* : CK' (or rfy' : cfa') = R : * ; and * 

or 1. Call the height of waU at the crown H, and let the = ^ R. But Or, or A = H X ~ Therefore A = H 

radius of curvature in that point be K, and its half-chord d^ ay's 

K (it being then coincident with the radius), and the height &'R „ rfg'R tj tt. f p v 

1 dz^ — ^P" ^ ** ^ Tmr "" inereiore ix? = t^v. 

on any other point h ; we have -rp : -nrj = H : A, and dt^ TiR- 

dz^ R It follows from this investigation, that the back or ex- 

5t7» ^ T" ^^ ^^^^^ formula gives trados of a parabolic arch of equilibration must be paral- 



lel to the arch or soffit itself; or that the thickness of the 



A = H X — - X — . arch, estimated in a vertical direction, must be equal 

^ _ ^^^ ' , , throughout; or that the extrados is the same parabola 

I Uustrated 24. Ex, 1. Suppose the arch to be a segment of a circle, ^ith the soffit or intrados. 
^7«am- M in fig. 10, where AE is the diameter, and O the centre. We have selected these two examples merely for the 

^ In this arch the curvature is the same throughout, or — «mpHcity and perspicuity of the soluUons, which have 

° r been enected by means of elementary geometry only, m- 

= 1. Therefore * = H X^ or = H X Cube Sec '"^^ "^ employing the analyticaWalue of the radius of 

. ^ the oscillatory circle, viz. . ^ thrd^ ^ which would 

This gives a very simple calculus. To the logarithm have involved us at last in the doctrine of second fluxions. 
0^ H add thrice the logarithm of the secant of elevation. We have also preferred simplicity to elegance in the hi- 
The sum is the logarithm of A. vestigation, because we wish to instruct the practical en- 
It gives also a very simple construction. Draw the gineer who may not be a proficient in the higher mathe- 
vertiou CS, cutting the horusontal diameter in S. Draw matics. 

ST, catting the radius OC perpendicularly in T. Draw 25. The converse of the problem, namely, to find the To findtlu! 

the horizontal line T^r, cutting the vertical in z. Join zO. form of the arch when the figure of the back of it is given, form of nn 

Make Cu = Vv, and draw ux parallel to 2O : Co must be is the most usual question of the two, at least in cases s^'h ^^^^ 

made = Cm* The demonstration is evident whidi are most important and most difficult Of these, ^^\^^[^ 

It is very easy to see that if CV is an arch of 60^, and perhaps, bridges are the chief. Here the necessity of a-^ L^en. 

Vv is -j^th of VO, the points v and e will be on a level ; road-way, of easy and regular ascent, confines us to an ^ 

for the secant of CV is twice CO, and therefore Cc is outline nearly horizontal, to which the curve of the arch 

eight times Vo, which is f th of VH. must be adapted. This is the most difficult problem of 

The dotted line vgtf is drawn according to this calcu- Uie two ; and we doubt whether it can be solved without 

lus or construction. It fiUls coQsiderably below the hori- employing infinite approximating series instead of accu- 

contal line in the neighbourhood of e ; and then, passing rate values. 

very obliquely through c, it rises rapidly to an immeasur- Let ave (fig. 9) be the intended outline or extrados of 

able heignt, because the vertical line through A is its the arch AVE, and let v Q be the common axis of both 

asymptote. This must evidently be the case with every curves. FVom e and C, the corresponding points, draw 

airve which springs at right angles with a horizontal the ordinates ch^ CH. Let the thiclcness W at the top 

line. be a, the abscissa vA be z= ti, and VH = Xy and let thr 

It is plain that if vV be greater, all the other ordinates equi^ ordinates ch^ CH, be y, and the arch VC be s 
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11ieiti» by the general theorem, cC = -j^^ ^ being the 
radius of cunrature. This, bj the common rules, is 
^_.^!__ This gives us cC = ^^"-^ 

or = rSzJLZL Jf X C ; where C is a constant quan- 

dy 
tity, found by taking the real value of i?C in V, the vertex 
of the curve. But it is evident that it is also = a + x — tc 

n« i. I dyd^x—daxPy ^ C 
Therefore a + a? — n = -^ ^5 ^ X C = ^ X 

dx 

fluxion of -T". 

dy 

If we now substitute the true value of u (which is 

given because the extrados is supposed to be of a known 

form), expressed in terms of y, the resulting equation will 

contain nothing but x and y, with their first and second 

fluxions, and known quantities. From this equation the 

relation of x and y must be found by such methods as 

seem best adapted to the equation of the extrados. 

Fortunately the process is more simple and easy in the 

most common and useful case than we should expect from 

Uiis general rule ; we mean the case where the extrados 

is a straight line, especially when this is horizontal. In 

this case u is equal to o. 

PI. XLIX. Ex. To find the form of the balanced arch AVE, hav- 

Fig. e. ing the horizontal line cv for its extrados. 

Keeping the same notation, we have tf=o, and therefore 

a + a? = -r X fluxion of -y^ 
^ dy dy 

Assume c^ = — ; then ^ = v> ^^^ 7- X fluxion of 

^ - 9f^, that is, fl + :t = ^. Therefore adx 
dy dx ^ ax 

4. xdx =z Cvdv; and by taking the fluents, we have 

2 ax + sfi 
2 cw + «• = Od*; and r = ^ f^' Consequent- 



arch, the span of which is 100 feet, and the height 40, 
whidi are nearly the dimensions of the middle arch of 
Blackfiiars Bridge in London. 
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43,581 
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9,934 
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ly, dy = 



VCdx 



(being = — ). Taking the flu- 

ent of this, we have y = i/C x L (2 a + 2 a: 

+ 2 V2ax + «■). But at the vertex, where « z= o, 
we have y = \/C X L (^ ^)" '^be corrected fluent is 

1 ^ in T g + a?+ V 2ax + a^ 
tlierefore y =s i/ C X L . 

It only remains to find the constant quantity C. This 
we readily obtain by selecting some point of the extrados 
wlia'e the values of x and y are given by particular cir- 
cumstances of the case. Thus, when the span 2 s and 
height h of the arch are given, we have 

« = ^ C X L f — 2- — -2--3^ — 1, and conse- 
quently v^ C = 



l,fa + k + ^2 ah+h^ \ 



Therefore 



the general value of y = « X 



,c-± 



+ •2 



ax 



+ A 



j a + h+^{2ah + ^) 



f a + h+\^2ah + h^ 
^ a + X + V 2ax + c? 



26. As an example of the use of this formula, we sub- 
join a table calculated by Dr Hutton of Woolwich, for an 



The figure for this proposition is exactly drawn accord- 
ing to these dimensions, that the reader may judge ai it 
as an object of sight. It is by no means deficient in 
gracefulness, and is abundantly roomy for the passage of 
crad ; so that no objection can be offered against its be- 
ineadapted on account of its mechanical excellency. 

The reader will perhaps be surprised that we have Dcfeetioi 
made no mention of the celebrated Catenarean curve, ^^ ^^^^' 
which is commonly said to be the best form for an arch ; ^^*^*^ 
but a little reflection will convince him, that although ^^^^' 
it is the only form for an arch consisting of stones of eqmd 
weight, and touching each other only in single points, it 
cannot suit an arch which must be filled up in the 
haunches, in order to form a road-way. He will be more 
surprised to hear, after this, that there is a certam thick- 
ness at the crown, which will put the Catenarea in equi- 
librio, even with a horizontal road-way; but this thick- 
ness is so great as to make it unfit for a bridge, beine such 
that the pressure at the vertex is equal to the horizontal 
thrust. This would have been JbovX 37 feet in the 
middle arch of Blackfriars Bridge. The only situation^ 
therefore, in which the Catenarean form would be proper, 
is an arcade carrying a height of dead wall ; but m this 
situation it woula be very ungraceful. Without troubling 
the reader with the investigation, it is sufficient to inform 
him, that in a Catenarean arch of equilibration the abscissa 
VH is to the abscissa vhm the constant ratio of the ho- 
rizontal thrust to its excess above the pressure on the 
vertex 

27. Thus much will serve, we hope, to give the reader a 
dear notion oi this celebrated theory of the equilibrium 
of arches, one of the most delicate and important appli- 
cations of mathematical science. Volumes have been 
written on the subject, and it still occupies the attention 
of mechanicians. But we beg leave to say, with great 
deference to the eminent persons who have prosecuted 
this theory, that their speculations have been of little 
service, and are little attended to by the practitioner. 
Nay, we may add, that Sir Christopher Wren, perhaps 
the most accomplished architect that Europe has seen, 
seems to have thought it of little value ; fi>r, among the 
fragments which have been preserved of his studie^ there 
are to be seen some imperfect dissertations on this very 
subject, in which he takes no notice of this theory, and 
considers the balance of arches in quite another way. 
Tliese are collected by the author of the account of ^vt 
Christopher Wren's family* This man's great sa^acityj 
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and bit great exi>enence in building, and stOl more his the case with sand, gravel, fat mould, and many substan- Arch, 
experience in the repairs of old and crazv fabrics, had ces in very genend use for this purpose. When this ift ^ 
shown him many things very inconsistent with this theory, the case, die pressures sustained by the different parts of 
which appears so specious and safe. The general fiicts the arch are often very inconsistent with the theory ; a 
which occur in the failure of old arches are highly in- part of the arch is overloaded and tends to faJl in, but is 
structive, and deserve the most careful attention of the prevented by the cement. This part of the arch, there- 
engineer ; for it is in this state that their defects, and the fore, acts on the remoter parts by tibe intervention of the 
process of nature in their destruction, are most distinctly parts between, employing those intermediate parts as a 
seen. We venture to affirm, that a very great majority kind of levers to break the arch in a remote part, just as 
of these facts are irreconcilable to the theory. The way a lintel would be broken. We apprehend that a matliema- 
in which circular arches commonly fail, is by the sinkins tician would be puzzled how to explain the stability of an 
of the crown and the rising of the flanks. It will be found arch cut out of a solid and uniform mass of rock. His 
by calculation, that in most of the cases it ought to have theory considers the mutual thrusts of the arch-stones as 
been just the contranr. But the clearest proof is, that in the direction of the tangents to the arch. Why so? 
arches very rarely fail where their load differs mobt Because he supposes that all his polished joints are per- 
remarkably from that which this theory allows. Semi- pendicular to tliose tangents. But in the present case he 
circular arches have stood the power of ages, as may iias no existing joints ; and there seems to be nothing to 
be seen in the bridges of ancient Rome, and in the nu- direct his imagination in the assumption of joints, which, 
merous arcades which the ancient inhabitants have however, are absolutely necessary for employing his theo- 
erected. Now, all arches which spring perpendicularly ry,becau6e, without a supposition of this kind, there seems 
from the horizontal line require, by this theory, a load (i/^ no conceiving any mutual abutment of the arch-stones, 
infinite height ; and even to a considerable distance from Ask a common but intelligent mason, what notion he 
the sprmgin^ of the arch, the load necessary for the theo- forms of such an arch ? We apprehend that he will con- 
retical equilibrium is many times greater than what is sider it sa no arch, but as a lintel, which itiay be broken 
ever laid on those parts ; yet a failure in the immediate like a wooden lintel, and which resists entirely by its 
neighbourhood of the spring of an arch is a most rare phe- cohesion. . He will not readily conceive that, by cutting 
nomenon, if it ever was (^served. Here is a most re- the under side of a stone lintel into an arched form, and 
markable deviation from the theory ; for, as is already ob- thus taking away more than half of its substance, he has 
served, the load is frequently not the fourth part of what changed its nature of a lintel, or given it any additional 
the theory requires. strength. Nor would there be any change made in the 

28. Many other facta might be adduced which show way m which such a mass of stone woiud resist being 
great deviation from the legitimate results of the theory, broken down, if nothing were done but forming the under 
We hope to be excused, therefore, by the mathemati- side into an arch. If the lintel be so laid on the pier» 
dans for doubting of the justness of this theory. We do that it can be broken without its parts pushing the piers 
not think it erroneous, but defective, leaving out circum- aside (which will be the case if it lies on the piers with 
stances which we apprehend to be of great importance ; horizontal joints), it will break like any other lintel ; but 
and we imagine that the defects of the theory have arisen if the joints are directed downwards, and converp;ing to a 
from the very anxiety of the mechanicians to make it per- point within the arch, the broken stone (suppose it broken 
feet. Tlie arch-stones are supposed to be perfectly smooth at the crown by an overload in that part) cannot be press- 
or polished, and not to be connected by any cement, and ed down without forcing the piers outwards. Now, in 
therefore to sustain each other merely by the equilibrium this mode of acting, the mind cannot trace any thing of 
of their vertical pressure. The theory insures this equi- the statical equilibrium that we have proceeded on in the 
librium, and this only, leaving unnoticed any other causes foregoing theory. The two parts of the broken lintel seem 
of mutual action. to push the piers aside in tne same manner that two rafl- 

The authors who have written on the subject say ex- ers push outwards the walls of a house when their feet 

pressly that an arch which thus sustains itself must be are not held tG«;ether by a tie-beam. If the piers cannot 

stronger than another which would not ; because when, be pushed aside (as when the arch abuts on two solid 

m imagination, we suppose both to acquire connection by rocks), nothing can press down the crown which does not 

cement, the first preserves the influence of this connec- crush the stone. 

tion unimpaired; whereas in the other, part of the cohe- This conclusion will be strictly true if the arch is of such 

sion is wasted in counteracting the tendency of some a form that a straight line draivn from the crown to the pier 




just, if the forces which are mutually 

the parts o^ the arch in its settled state were merely ver- posed in two straight Imes, no weight laid on the crown can 

ttcaf pressures, or, where different, were inconsiderable m destroy it in any other way than by crushing it topowder. 

comparison with those which are really attended to in the 29. But when straight fines cannot be drawn from the 

construction. overloaded part to the firm abutments through the solid 

But this is by no means the case. The forms which masonry, and when the cohesion of the parts is not able 

the uses for which arches are erected oblige us to adopt, to withstand the transverse strains, we must call the 

and the loads laid on the different points of the arch, fire- principles of equilibrium to our aid ; and, in order to em- 

ouently deviate considerably firom what are necessary for ploy tnem with safety, we must consider how they are 

Uie equilibrium of vertical pressures. The varying load modified by the excitement of the cohering forces. 

on a bridge, when a great waggon passes along it, some- The cohesion of the stones with each otlier by cement 

timefl bears a very sensible proportion to Uie weight of or otherwise has in almost every situation a bad effect. 

tliat point of the ardi on which it rests. It is even very It enables an overload at the crown to break the arch 

doubtful whether the pressures which are occasioned by near the haunches, causing those parts to rise, and then 

the weight of the stu# employed for filling up the flanlcs to spread outwards, just as a Mansarde or Kirb roof would 

vieallT act in a vertical direction, and in the proportion do if the truss-beam which connects the heads of the 

whick 18 supposed. We are pretty certain that this is not lower rafVers were sawn through. This can be prevented 
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An;h. on! J Dy loading that part more than is requisite for equi- A can descend in no other way than by pushing tiie an- ^^f^ 
^^v*^^ librium. It would be prudent to do this to a certain de- gles B and D outwards, causing the portions BC, DE, to 
gree, because it is by this cohesion that the crown always turn round C and £. This motion must raise the points 
becomes the weakest part of the arch, and suffers more B and D, and cause the arch-stones to press on each other 
by any occasional load. at their intter joints b and d. This produced the copious 
We expect that it will be said in answer to all this, splintering at Uiose joints immediately preceding the total 
chat the cohesion given by the strongest cement that we downfall. The splmtering which happened a fortnight 
can employ, nay the cohesion of ^e stone itself, is a mere before arose from this circumstance, that the lines AB 
nothing in comparison with the enormous thrusts that are and AD, along which the pressure of the overload was 
in a state of continual exertion in the different parts of an propagated^ were tangents to the soffit of the arch in the 
arch. This is very true ; but there is another force which points F, H, and G, and therefore the strain la^ all on those 
produces the same effect, and which increases nearly in comers of the arch-stones, and splintered a little from off 
tlie proportion that those thrusts increase, because it them till the whole took a firmer bed. The subsequent 
arises from them. This is the friction of the stones on phenomena are evident consequences of this distribution 
each other. In dir freestone this friction considerably and modification of pressure, and can hardly be explamed 
exceeds one half of the mutual pressure. The reflecting in any other way, at least not on the theoretical principles 
reader will see Uiat this produces the same effect, in the already set forth ; for in this bridge the loads at B and D 
case under consideration, that cohesion would do ; for were very considerablv greater than what the equilibrium 
while the arch is in the act of failing, the mutual pressure required; and we think that the first observed splintering 
of the arch-stones is acting with full force, and tnus pro- at H, F, and G, was most instructive, showing that there 
duces a friction more than adequate to all the effects we was an extraordinary pressure at the inner joints in those 
have been speaking of. places, which cannot be explained by the usual theory. 
Process of SO. When these circumstances are considered, we ima- Not satisfied with this single observation afler this way 
the break- gine that it will appear that an arch, when exposed to a of explaining it occurred to us, and not bein^ able^ to find 
ing of an great overload on the crown (or indeed on any iMrt), di- any similar &ct on record, the writer of this article got 
' vides of itself into a number of parts, each of which con- some small models of arches executed in chalk, and sub- 
tains as many arch-stones as can be pierced (so to speak) jected them to many trials, in hopes of collecting some 
by one straight line, and that it may then be considered general laws of the internal workings of arches whicli 
as nearly in the same situation with a polygonal arch of finally produce their downfall. He had the pleasure of 
long stones abutting on each other like so many beams observing the above-mentioned circumstances take place 
in a Norman roof, but without their braces and ties. It very re^arly and uniformly when he overloaded the 
tends to break at all those angles ; and it is not suffi- models at A. The arch alwaj^s broke at some place B 
ciently resisted tiiere, because the materials with which considerably beyond another point F, where the first cht[>« 
the flanks are filled up have so little cohesion, that the ping had been observed. This is a method of trial that 
angle feels no load except what is immediately above deserves the attention both of the speculatist and the 
it; whereas it should be immediately loaded with all practitioner. 

the weight which is difiused over the adjoining side If these reflections are any thin^ like a just account of 
of the polygon. This will be the case, even Uiough the procedure of nature in the failure of an arch, it is 
the curvilinear arch be perfectly equilibrated. We re- evident that the ingenious mathematical theory o£ equili- 
collect some circumstances in the failure of a consider- brated arches is of Tittle value to the engineer. We ven- 
able arch, which may be worth mentioning. It had been tured to say as much already, and we rested a good deal 
built of an exceedingly sofl and friable stone, and the on the authority of Sir Christopher Wren. He was a 
arch-stones were too short. About a fortnight before it good mathematician, and delighted in the application of 
fell, chips were observed to be dropping off from the joints this science to the arts. He was a celebrated architect, 
of the arch-stones, about ten feet on each side of the mid- and his reports on the various works committed to his 
die, and also from another place on one side of the arch, charge show that he was in the continued habit of mak* 
about twenty feet from its middle. The masons in Uie ing Uiis application. Several specimens remain of his 
neighbourhood prognosticated its speedy downfall, and own methods of applying them. The roof of the theatre 
said that it would separate in those places where the chips of Oxford^ the roof of the cupola of St Paul's, and in par- 
were breaking off. At length it fell ; but it first split m ticular the mould on which he turned the inner dome oi 
the middle, and about fifteen or sixteen feet on each side, that cathedral, are proofs of his having studied this theory 
and also at Uie very springing of the arch. Immediately most attentively. He flourished at the very time that it 
before the fall a shivering or crackling noise was heard, occupied the attention of the greatest mechanicians of 
and a great many chips dropped down from the middle, Europe ; but there is nothing to be found among his pa 
between the two places from whence they had dropped a pers which shows that he had paid much resard to it. 
fortnight before. The joints opened above at those new On the contrary, when he has occasion to deliver his 
places above two inches, and in the middle of the arch the opinion for the instruction of others, and to explain to the 
joints opened below, and in about five minutes after tliis dean and chapter of Westminster his operations in repair- 
the whole came down. Even this movement was plainly ing that collegiate church, this great architect considers 
distinguishable into two parts. The crown sunk a little, an arch just as a sensible and sagacious mason would do, 
and the haunches rose very sensibly, and in this state it and very much in the way that we have just now been 
hung for about half a minute. The arch-stones of the treating iL (See Accotmt of the Family rf Wren^ p. 356.) 
crown were hanging by their upper comers : when these Supported therefore by such authority, we would recom* 
splintered off, the whole fell down. mend this way of considering an arch to the study of 
We apprehend that the procedure of nature was some- the mathematician ; and we would desire the experien* 
what in this manner. Straight lines can be drawn within ced mason to think of the most efficacious methods for rc- 
the ardi-stones from A (Plate X.LIX. fig. 8) to B and D,and sisting this tendency of arches to rise in the flanks. Un- 
Irom diese points to C and £. Each of the portions £D, fortunately there seems to be no precise principle to point 
DA, AB, BC, resist as if they were of one stone, composing out the place where this tendency is most remarkable, 
a polygonal vault EDABC. When this is overloaded at A, 31 We are therefore highly pleased with the ingenious 
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^rch. rontrivance of Mr Mylne, the architect of Blackfriars- often happens, that when the centres of the arches are Arch. 

^i^K/^«^ Brid^ in London, by which he determines this point with struck before the piers are built up to Uieir intended ^^^^y^m^ 

preasion, by making it impossible for the overloaded arch heights, tlie thrust of the arches squeezes the rubble- ' 

to spring in any other place. Having thus confined the wonc horizontally, after the mortar has set, but before it 

failure to a particular spot, he with equal art opposes a has dried and acquired its utmost hardness. Its bond is 

resistance which he believes to be sufiBcient ; and the broken by this motion, and it is squeezed up, and never 

present condition of that noble bridge, which does not in acquires its former firmness. This is effectually prevented 

any place show the smallest change of shape, proves that by the pressure exerted by the back of the inverted arch. 

be was not mistaken. Looking on this work as the first, Above tliis counter-arch is another mass of coursed 

or at least the second, specimen of masonic ingenuity that rubble, and all is covered by a horizontal course of large 

js to be seen in the world, we imagine that our readers blocks of Portland stone, abutting against the back of the 

will be pleased with a particular account of its most re- arch>-stone ZI and its corresponding one in the adjoining 

inarkable circumstances. arch. This course connects the feet of the two arches. 

The span k a (fi^. 1) of the middle arch is 100 feet, preserves the rubble-work from too great compression, 

Conatrac- ^^^ j^ height OV is 40, and the thickness KV of the and protects it from soaking water. This last circum- 

ilHckfriart ^^^own is six feet seven inches. Its form is nearly ellip- stance is important ; for if the water which falls on the 

Rrid{;e tical ; the part AVZ being an arch of a circle whose road-way is not carried off in pipes, it soaks tlirough the 

ri. XlilX. centre is C, and radius 56 feet, and the two lateral por- gravel or other rubbish, rests on the mortar, and keeps it 

tions A A B and Z a £ being arches described with a ra- continually wet and sofl. It cannot escape through the 

dius of S5 feet nearlv- The thickness of the pier at a 6 joints of good masonry, and therefore fills up this part 

is 19 feet* The thickness of the arch increases from the like a funnel. 

crown V to Y, where it is eight or nine feet* All the Supposing the adjoining arch fallen, and all tumbled off 
arch-stones have their joints directed to the centres of that is not withheld by its situation, there will still re- 
Uieir curvature. The joints are all joggled, having a cu- main in the pier a mass of about 3500 tons* The weight 
bic foot of hard stone let half-way into each. By this of the portion VY is about 2000 tons. The directions of 
contrivance the joints cannot slide, nor can any weight the thrusts VY and YF are such, that it would require a 
laid on the crown ever break the arch in that part if the load of 4500 tons on VY to overturn the pier round F. 
piers do not yield ; for a straight line from the middle of This exceeds VY by 2500 tons — a weight incomparably 
KV to the middle of the joint YI is contained within the greater than any that can ever be laid on it* 
solid masonry, and does not even come near the inner Such is the ingenious construction of Mr Mylne* It 
joints of the iux:h-stones ; therefore the whole resists like evidently proceeds on the principles recommended above^ 
one stone, and can be only broken by crushing iL The principles which had occurred to his experience and sa- 
joint at Z is very nearly perpendicular to a line ZF drawn gacious mind during the course of his extensive practice, 
to the outer edge of the foundation of the pier. By this We have seen attempts by other engineers to withstand 
it was intended to take off all tendency of the pressure the horizontal thrusts of the arch by means of counter- 
on the joint dZ to overset the pier ; for if we suppose, arches inserted in the same manner as here, but extend- 
according to the theory of equilibration, that this pres- ing much farther over the main arch ; but they did not 
sure is necessarily exerted perpendicularly to the joint, appear to be well calculated for producing this effect, 
its direction passes through the fulcrum at F, round which A counter-arch springing from any point between Y and 
it is thought that the pier must turn in the act of over- V has no tendency to hinder that pomt from rising by the 
setting. This precaution was adopted in order to make sinking of the crown ; and such a counter-arch will not 
the arch quite independent of the adjoining arches ; so resist the precisely horizontal thrust so well as the straight 
that although any of them should fall, this arch should course of Mr Mylne* 
run no risk* 

Still farther to secure the independence of the arch, 32* The gpreat incorporation of architects who built the Origis of 

the followinff construction was practised to unite it into cathedrals of Europe departed entirely from the styles of ^^^ Gothic 

one mass, which should rise all together. All below the ancient Greece and Rome, and introduced another, in ^'^^ 

line a 5 is built of large blocks of Portland stone, dove- which arcades made the principal part. Not finding in 

tailed with sound oak. Four places in each course are every place quarries from which blocks could be rais^ in 

interrupted by equal blocks of a hard stone called Kentish abundance of sufficient size for forming the far-projecting 

roffy sunk half-way in each course. These act as joggles, cornices of the Greek orders, they relinquished those 

breaking the courses, and preventing them from suding proportions, and adopted a style of ornament which re- 

laterally. quired no such projections ; and having substituted arches 

'Hie portion a Y of the arch is joggled like the upper for Uie horizontal architrave or lintel, they were now able 

parL The interior part is filled up with large blocks of to erect buildings of vast extent with spacious openings, 

kentish rag, forming a kind of coursed rubble- work, the and all this wim very small pieces of stone* Tne form 

courses tencling to the centres of the arch. The under which had been adopted for a Christian temple occasioned 

comer of each arch-stone projects over, the one below iL many intersections of vaultings, and multiplied the arches 

By this form it takes fast hold of the rubble-work behind exceedingly. Constant practice gave opportunities of 

it. Above this rubble there is constructed the inverted giving every possible variety of these intersections, and 

arch I e G of Portland stone.^ This arch shares the pres- taught the art of balancing arch against arch in every 

sure of Uie two adjoining arches, along with the arch- varie^ of situation* An art so multifarious, and so much 

stones in Y a and in G & Thus all tend together to com- out of the road of ordinary Uiought, could not but become 

press and keep down the rubble-work in the heart of this an object of fond study to the architects most eminent €or 

part of the pier* This is a very useful precaution ; for it ingenuity and invention. Becoming thus the dupes of 

* We know firom good authority that the counter-arch here spoken of, although originally intended, was never executed, because tt 
was not thought necessary. The notion was, however, excellent, and it has, we believe, been actually executed in the Strand Bridge, 
W a rather think the Joggling was also abandoned, and, as fiur as we can judge, was not likely to be of any use. 

2C 
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Arch« their own ingenuity, they were fond of displaying it even S5. There is another species of arch which must not be AreL. 

' when not necessary. At last arches became their prlnci* overlooked, namely, the Dom£ or Cupola, with all its ^"^"^^^^ 

pal ornament, and a wall or ceiling was not thought dress* varieties, which include even the pyramidal steeple or^^™^^^ 

ed out as it should be till filled fiul of mock arches, cross- spire. CupoU 

ing and abutting on each other in every direction. In this It is evident that the erection of a dome is also a scien- 

process in their ceilings they found that the projecting tific art, proceeding on the principles of equilibration, 

mouldings, which we now call the Gothic tracery, form- and that toese principles admit and require the same or 

ed the chief supports of the roofs. The plane surfaces similar modifications, in consequence of the cohesion and 

included between those ribs were commonly vaulted with friction of the materials. At first sight, too, a dome ap- 

very smaU stones, seldom exceeding six or eight inches pears a more difficult piece of work than a plain arcn ; 

in thickness. This tracery, therefore, was not a random but when we observe potters* kilns, and glasshouse domes, 

ornament. Every rib had a position and direction that and cones of vast extent, erected by ordinary bricklayers, 

was not only proper, but even necessary. Habituated to and with materials vastly inferior in size to what can be 

this scientinc arrangement of the mouloings, they did not employed in common arches of equal extent, we must 

deviate from it when they ornamented a smooth surface conclude that the circumstance of curvature in the ho- 

with mock arches ; and in none of the highly ornamented rizontal direction, or the abutment of a circular base, 

ancient buildings will we find any false positions. gives some assistance to the artisL Of this we have com- 

33. This u by no means the case in many o£ the modem plete demonstration in the case of the cone. We know 
imitations of Gothic architecture, even by our best archi- that a vaulting in the form of a pent roof could not bt 
tects. Ignorant of the directing principle, or not attend- executed to any considerable extent, and would be ex- 
ing to it, in their stucco-work they please the unskilled tremely hazardous, even in the smallest dimensions ; while 
eye with pretty radiated figures ; but in these we fre- a cone of the greatest magnitude can be raised with very 
quently see such abutments of mouldings as would infal- small stones, provided only that we prevent the bottom 
libly bresJc the arches, if these mouldings were really from flying out, by a hoop, or any similar contrivance, 
performing their ancient office, and supporting a vaulting 36. when we think a little of the matter, we see plain- 
of considerable extent Nay, this began even before the ly, that if the horizontal section be perfectly rounct, and 
Gothic style was finally abandoned. Several instances the joints be all directed to tlie axis, diey all equally en- 
are to be found in the nighly enriched vaultings of New deavour to slide inwards, while no reason can be offered 
College and Christ Church in Oxford, in St George's why any individual stone should prevaiL They are all 
Chapel at Windsor, and Henry VII.'s Chapel in West- wedges, and operate only as wedges. When we consider 
minster. any single course, thererore, we see that it cannot fall in, 

We call the middle ages rude and barbarous ; but even though it may be part of a curve which cannot stand 
there was surely much knowledge in those who could as a common arch ; nay, we see that a dome may be con- 
execute such magnificent and difficult works. The work- structed having the convexity of the curve, by the revo- 
ing drafts which were necessary for such varieties of lution of which it is formed, turned towards the axis, so 
oblique intersections must have required considerable that the outline is concave. We shall afterwards find 
skill, and would at present occupy many very expensive that this is a stronger dome by far than if the convexity 
volumes of Mammi Jewelsj Cktrpenieri manuaU^ and the were outwards, as m a common arch* We see also that 
like. All thu knowledge was kept a profound secret by a cone may be loaded on the top with Uie greatest 
the corporation, and on its breaking up we had all to learn weight, without the smallest danger of forcing it down, 
again. so long as the bottom course is firmly kept from bursting 

34. There is no appearance, however, that those archi- outwards. The stone lanthom on the top of St Paul's 
tects had studied the theory of equilibrated arches. They cathedral in London weighs several hundred tons, and 
had adopted an arch which was very strong, and permit- is carried by a brick cone of 18 inches thick, with per- 
ted considerable irregularities of pressure — we mean the feet safety, as long as the bottom course is prevented 
pointed arch. The very deep mouldings with which it from bursting outwards. The reason is evident : The 
was ornamented made the arch-stones very long in pro- pressure on the top is propagated along the cone in the 
portion to the span of the arch. But they had studied direction of the slant side ; and, so far from having any 
the mutual thrust of arches on each other with great care ; tendency to break it in any part, it tends rather to pre- 
and they contrived to make every invention for this pur- vent its being broken by any irregular pressure from fo- 
pose become an ornament, so that the eye required it as reign causes. 

a necessary part of the building. Thus we frequently 37. For the same reasons the octagonal pjrramids, which Proper 
see small buildings having buttresses at the sides. Hiese form the spires of Gothic architecture, are abundandy construe- 
are necessary in a large vaulted building, for withstand- firm, alUiou^h very tiiin. The sides of the spire of Salis- ^^ ^ °^ 
ing the outward thrust of the vaulting ; but they are use- bury cathec&al are not eight inches thick amr the octa- ^^y^ ^^' 
less when we have a flat ceiling within. Pinnacles on gon is fully formed. It is proper, however, to direct the 
the heads of the buttresses are now considered as oma- joints to the axis of the pyramid, and to make the cours- 
ments, but originally they were put there to increase the mg joints perpendicular to the slant side, because the 
weight of the buttress : even the ^eat tower in the centre projecting mouldings which run along the angles are the 
of a cathedral, which now constitutes its greatest oma- abutments on which the whole panel depend. A con- 
ment, is a load almost indispensably necessary, for ena- siderable art is necessary for supporting those panels or 
bling the four principal columns to withstand the com- sides of the octauron which spring from the angles of the 
bined thrust of the aisles, of the nave, and transepts. In square tower. 'Diis is done by beginning a very narrow 
short, the more closely we examine the ornaments of this pointed arch on the square tower at a great distance he- 
architecture, the more shall we perceive that they are low the top; so that the legs of the arcn being very long^ 
essential parts, or derived from tnern by imitation ; and a straight line may be drawn from the top c^ £e keystone 
the more we consider the whole style of it, the more of the arch through the whole arch-stones of the legs, 
clearly do we see that it is all deduced from the relish By this disposition the thrusts arising from the weight of 
for arcades, indulged in the extreme, and pushed to the these four panels are made to meet on the masnve ma- 
limit of possibility of execution. sonry in the middle of the sides of the tower, at a great 
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Ardi. distance below the springing of the spire* This part, be- let us suppose, on the other hand, that b G falls within Arrl*. 

ing loaded with the great mass of perpcmdicular wall, is the curvilinear element b B, This evidently tends to push ^^*^' «^ 

dmy able to withstand the horizontal thrust from the le^ the arch-stone inward towards the axis, and would cause 

of those arches. In, many spires these thrusts are still it to slide in, since the joints are supposed perfectly 

&rU)er resisted by iron bars which cross the tower, and smooth and slipping. But since this takes place equally 

are hooked into pieces of brass firmly bedded in the ma- in every stone of this course, they must all abut on each 

sonry of the sides. ^ ^ other in the vertical joints, squeezing them firmly toge- 

38. There is much nice balancing of this kind to be ther. Therefore, resolving the thrust b G into two, one 
observed in the highly ornamented open spires ; such as of which is perpendicular to the joint KL, and Uie other 
those of Brussels, Mecklin, Antwerp, &c We have not parallel to it, we see that this last thrust is withstood by 
many of this sort in Britain. In those of great magni- the vertical joints all around, and there remains only the 
tude, the judicious eye will discover, that parts, which a thrust in the direction of the curve. Such a dome must 
common spectator would consider as mere ornaments, are therefore be firmer than an equilibrated dome, and can- 
necessary for completing the balance of the whole. Tall not be so easily broken by overloading the upper part, 
pinnacles, nay even pillars carrying entablatures and pin- When the curve is concave upwards, as in the lower part 
nades, are to be seen standing on the middle of the slen- of the figure, the line b C always falls below b B, and the 
der leg of an arch. On examination we find that this is point C below B. When the curve is concave downwards, 
necessary, to prevent the arch from springing upwards in as in the upper part of the figure, 1/ C passes above, or with- 
that place by the pressure at the crown. The steeple of out b B. Tne curvature may be so aorupt, that even V G' 
the cathedral of Mecklin was the most elaborate piece of shall pass without If B\ and the point G' is above B'. It is 
architecture in this taste in the world, and was really a also evident that the force whicn thus binds the stones of a 
wonder ; but it was not calculated to withstand a bom- horizontal course together, by pushing them towards the 
bardment, which destroyed it in 1578. axis, will be greater in flat domes than in those that are 

Such frequent examples of irregular and whimsical more convex ; that it will be still greater in a cone, and 

buildings of this kind snow that great liberties may be greater still in a curve whose convexity is turned inwards , 

taken witli the principle of equilibration without risk, if for in this last case the line 6 G will deviate most remarkably 

we take care to secure the base from being thrust out- from the curve. Such a dome will stand (having polished 

wards. This may always be done by hoops, which can joints) if the curve springs from the base with any eleva« 

be concealed in the masonry ; whereas in common arches tion, however small ; nay, since the friction of two pieces 

these ties would be visible, and would offend the eye. of stone is not less than half of their mutual pressure^ 

39. It is now time to attend to the principle of equi- such a dome will stand although the tangent to the curve 
librium as it operates in a simple circular dome, and to at the bottom snould be horizontal, provided that the ho- 
determine the thickness of the vaulting when the curve rizontal thrust be double the weight of the domCi which 
is given, or the curve when the thickness is given. There- may easily be tlie case if it do not rise high, 
fore, let B 6 A (Plate XLIX fig. 2) be the curve which pro- 40. Thus we see that the stability of a dome depends Stabiliiv of 
duces the dome by revolving round the vertical axis AD. on very different principles from that of a common arch,^ dome ue. 
We shall suppose this curve to be drawn through the and is in general much greater. It differs also in another P^P^^ <|n 
middle of all the arch-stones, and that the coursing or hori- very important circumstance, viz. that it may be open inSi^^ent^ 
eontal jomts are everywhere perpendicular to the curve, the middle ; for the uppermost course, by tending equally {Vom thst 
We shall suppose (as is always the case) that the thickness in every part to slide in toward the axis, presses ml to- of a com- 
KL, HI, &c of the arch-stones is very small in comparison gether in the vertical joints, and acts on the next course °ion arch, 
with the dimensions of the arch. If we ctxisider any por- like the keystone of a common arch. Therefore an arch 
tion HA h of the dome, it is plain that it presses on the of equilibration, which is the weakest of all, may be open 
course, of which HL is an arch-stone, in a direction bC in the middle, and carry at top another buUding, such as 
perpendicular to the joint HI, or in the direction of the a lanthom, if its weight do not exceed that of the circular 
next superior element fib of the curve. As we proceed segment of the dome that is omitted. A greater load than 
downwards, course afler course, we see plainly that Uiis this would indeed break the dome, by causing it to spring 
direction must change, because the weight of each course up in some of the lower courses ; but this load may be in- 
is superadded to that of the portion above it, to complete creased if the curve is flatter than the curve of equilibra- 
the pressure on the course below. Through B draw the tion : and any load whatever, which will not crush the 
vertical line BCG, meeting fib, produced in C. We may stones to powder, may be set on a truncate cone, or on a 
take 6 C to express the pressure of all that is above it, pro- dome formed by a curve that is convex toward the axis ; 
pagated in this direction to the joint KL. We may also provided always that the foundation be effectually prevent- 
suppose the weight of the course HL united in 6, and ed from flying out, either by a hoop, or by a sufficient mass 
acting on the verticaL Let it be represented by b F. If of solid pier on which it is set. 

we form the parallelogram 6FGC, the diagonal *G will 41. We have mentioned the many &ilures which hap- 

represent the direction and intensity of the whole pressure pened to the dome of St Sophia in Constantinople. We 

on the joint KL. Thus it appears ihat this pressure is imagine that the thrust of the great dome, bending^ the 

continually changing its direction, and that the line, which eastern arch outwards as soon as the pier began to yield, 

will always coincide witb it, must be a curve concave destroyed the half-dome which was leaning on it, and 



to an innnity oi ouiers, wnicn are au stronoer uian lu iiuupeu wiu* iruu, «» wjw ptai;bi9cu uj x«Aavx«»«« .n^«^tw «u 

This will appear evident, if we suppose that 6 G does not the vastly more ponderous dome of St Peter's at Homey 

coincide wUn the curve A* B, but passes without it As and by Sir Christopher Wren in the cone and the inner 

we suppose the arch-stones to be exceedingly thin from dome of St Paul's at London. The weight of the latter 

inside to outside, it is plain that this dome cannot standi considerably exceeds SOOO tons, and they occasion a hori- 

and that the weight of the upper part will press it down, zontal thrust which is nearly half this (juantity, the eleva- 

and spring the vaulting outwards at the j(unt KL. But tion of the cone being about 60°. This being distributed 
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Arcb. round the ctrcamference» occasions a strain on the hoop the friction of the joints and the cohesion of the cement. Arch. 

7 , An equilibrium, accompanied by some firm stability, pro- '*-*'^^^ 

= 25722 ^^ ^^^ thrust, or nearly 238 tons. A square inch ^uced by the mutual pressure of t he vertical joints, may 

of the worst iron, if well forged, will carry 24 tons with ^^ expressed by the formula ^^^^ ^ + ^3^ > ^, or 

perfect safety ; therefore a hoop of 7 inches broad and H jhyVda^J^dt^ "* 

inch thick will completely secure this circle from bursting » V^fa* 4- dtfi dPx dt 

outwards. It is, however, much more completely secur- by -^ — = -r- + -7-* wnere t is some variable 

ed; for, besides a hoop at the base of very nearly these J'^y>/db^+di^ , . . ,r^. 

dimensions, there are hoops in different courses of the positive quantity, which increases when x increases. This 

cone, which bind it into one mass, and cause it to press last equation will also express the equilibrated dome, if i 

on the piers in a direction exactly vertical. The only quantity, because in this case ^ is = 0. 

thrusts which the piers sustain are those from the arches "''••*' 1 ^ » ^ 

of the body of the church and the transepts. These are ^ ^ . fiycix »/d3? 4- dt^ 

most judiciously directed to the entering angles of the Since a firm stabflity requires that -ys— ~^=^ 

building, and are there resisted with insuperable force J "^ vdar + «gr 

by the whole lengths of the walls, and by four solid masses shall be greater than cP«, and CG must be greater than 

of masonry in the comers. Whoever considers with at- CB ; hence we learn that figures of too great curva- 

tention and judgment the plan of this cathedral, will see ture, whose sides descend too rapidly, are improp er. Also, 

that the thrusU of these arches, and of the dome, are in- , , .,. . .u * 1. htidx A/daFlTdi? 

comparably better balanced than in St Peter's church at smce stability reqmres that we have ^ . ^^^ 5L 

Rome. But to return from this sort of digression. 

Theory of 42. We have seen that if 6 G, the thrust compounded of greater than Jhy Vda^ + ^, we learn that the upper 

the curvet jhe thrust b C, exerted by all the courses above HILK, pa^ of the dome must not be made venr heayjr. This, 

proper for ^^ ^^ ^^ ^^^^^ ^ p^ p^ jjie weight of that course, be every- ^ diminishing the proportion of 6 F to 6 (^ diminishes the 

°"*®*' where coincident with b B, the element of the curve, we angle C6G, and may set the point G above B, which will 

shall have an equilibrated dome : if it falls within it, we infellibly spring the dome in that place. We see here 

have a dome which will bear a greater load ; and if it falls ^X^y that tne algebraic analysis expresses that peculiarity 

without it, the dome will break at the joint We must Qf dome-vaulting, viz. that the weight of the upper part 

endeavour to get analytical expressions of these conditions. j^<g^y ^y^^ y^ suppressed. 

Therefore draw the ordinates blbr^ BDB^, CrfC. Let Ay Vdsfi + dt^ _d^x dt 

the tangents at b and ft^ meet the axis in M, and make The fluent of the equation ^ ^rJlsZim ^ dx'^T 

MO, MP, each equal to be, and complete the parallelogram J "V V dac'-tdif' 

MONP, and draw OQ perpendicular to the axis, and pro- jg ^^^^ easily found : it is L Ay "^^ + <f^ = Lrfr + 

duce b F, cutting the ordinates in E and e.» It is plain l^ ^i^^^^ L is the hyperbolic logarithm of Uie quantity 

that MN is to MO as the weight of the arch HA* to tiie annexed to it. If we consider dy as constant, and cor- 

thrust bQ which it exerts on the joint KL(Uiis thnist ^^^^ ^y^^ fl^g^t so as to make it noUiing at tiie vertex, it 

being propagated through the course HILK) ; and that t /* 1 / J^FjTTT t — t ^ 

MQ, or its equal 6e, or «<4 may represent tiie weight of may be expressed thus, Ly Ay Vcto»i-tfy — i^o-i^aj? 

the half HA. t^_j_t. on,- • . J^y^/^ + ^ ^r ^. 

Let AD be called a:, and DB be called y. Then5e=(fe, —^dy+l.U Thi s gives us L -■ - ^^^t 

and eQ zizdy (because 6 C is in the direction of the ele- fkvVda^ + df^ dx 

ment /36). It is also plain that if we make dy constant, and therefore '^-^^ -^ = ' j-* 

BC is the second fluxion of «, or BC = dPx, and be and ^ K u j u r 

6E may be considered as equal, and taken indiscriminate- This last equation will easily give us the depth of 

\yiotdx. Wehavealso6C = Vdir»+rfy«. Le t A be the vaulting, or thickness h of the arch, when ^e curve is 

depthortfiicknessHIofthearch-stones. ThenAv'^+^ given. For its fluxion is ^^ ^ + ^^ .,, dMx^J^^ 

will represent the trapezium HL; and since the circum- a dy 

ference of ea ch course increases in the proportion of the adidx^roi^x ^^^.^^ .^ ^ expressed in known 

radius y, hyVds^ + d^ will express the whole course. ®^^ ^ — ydy ^/dx^ + rfy»' 

If^be taken to rejjresent the sum or aggregate of the quan- quantities; for we may put in place of < any power or 

titles annexed to it, the form ula will be analogous to the function of x or of y, and thus convert the expression 

fluent of a fluxion, and /AyVdaJ' + rfy* will represent tile into another, which will be applicable to aU sorts ot 

whole mass, and also the weight of the vaulting, down curves. 

to tiie joint HL Th erefore w e have this proportion, ^^^ ^ ^ d member ^ + 7, we might em- 

fhysfdj^ + d^ : hy^^dx^+dy' ; = 6g ; &F, = & e ; CG , ^«^««* " " dx t 

= arf:CG, = di.:CG. Therefore CG = ^^^^^i^ ploy ^, where p is some number greater tiian unity. 

. ^.u A K y^y^^ + ^i^ This wiU evidently give a dome having stability, because 

If the curvature of the dome be precisely such as puU ju ^ / . , 5 

it in eouilibrium, but without any mutual pressure in the ^^e original formula ^ , "^7^ wiU tiien be greater 

vertical joints, this value of CG must be equal to CB or "^*6"«" *"» « r. ^^ ^^^ 

to cPx, the point G coinciding with B. This condition paaf-^d^x 

hvdxVdt^MdiA than ^x. This will give A = -— — /s^. »> Each of 

wDl be expressed by tiie equation ^?£r^±^-. ^^^ ® ydyrVda^ + df 

J hy >/ds^^d^ ^hege fonns has its advantages when applied to particular 

hy>/d3 ? + d^ ^x «^* 

or,moreconTenientiy,by^^^— ^=-^. Buttiiis cases. Each of Uiem also gives A = -^-j^=== 

form gives only a tottermg equilibrium, independent of when the curvature is such as is in precise equilibrium. 
* The letters t and d are iraiitiii{( in the plate ; r ought to be at the mterMction of 6 E and C e^, and d at that of AD and C t^. 
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And, lastly, if A be constant, that is, if the vaulting be of 
uniform thickness, we obtain the form of the curve, be- 
c^use then the relation of cPx to dx and to dy is given. 

The chief use of this analysis is to discover what 
curves are improper for domes, or what portions of given 
curves may be employed with safety. Domes are gene- 
rally built for ornament, and we see that there is great 
room for indulging our fancy in the choice. All curves 
which are concave outwards will give domes of great firm- 
ness : they are also beautiful. The Gothic dome, whose 
outline is an undulated curve, may be made abundantly 
firm, especially if the upper part be convex and the lower 
concave outwards. 

The chief difficulty in the case of this analysis arises 
from the necessity of expressing the weight of the incum- 
bent part, ovJhyVdafi+dj^. This requires the mea- 
surement of the conoidal surface, which, in most cases, 
can be had only by approximation by means of infinite 
series. We cannot expect that the generality of prac- 
tical builders are familiar with this branch of mathematics, 
and therefore will not engage in it here; but content 
ourselves with giving such instances as can be understood 
by such as have that moderate mathematical knowledge 
which every man should possess who takes the name of 
engineer. 

The surface of any circular portion of a sphere is very 
easily had, being equal to the circle described with a ra- 
dius equal to the chord of half the arch. This radius is 

evidently srVctB^+cfy*. 

In order to discover what portion of a hemisphere may 
be employed (for it is evident that we cannot employ the 
whole) when the thickness of the vaulting is uniform, we 

may recur to the equation or formula '^yd^'^da ^-rd^ 

. da^ 

~yAy^^^+^^' ^* ^ ^ ^^® radius of the hemi- 
sphere. We have d a: = ^^^ , and d^x = r--— , v?« Sub- 

stituting these values in the formula, we obtain the equa- 
tion ^\/^^^^^=ry*"7^==- We easily obtain the fluent of 

the second member zz a' — €^c^ — y*, andyzzaV — ^ + /^^, 

Therefore, if the radius of the sphere be 1, the half 

breadth of the dome must not exceed V — i + -v/J, or 
0-786, and the height will be *618. The arch from the 
vertex is about dP 49^. Much more of the hemisphere 
' cannot stand, even though aided by the cement, and by 
the friction of the coursing joints. This last circumstance, 
by giving connection to the upper parts, causes the whole 
to press more vertically on the course below, and thus 
diminishes the outward thrust ; but it at the same time 
diminishes the mutual abutment of the vertical joints, 
which is a great cause of firmness in the vaulting. A 
Gothic dome, of which die upper part is a portion of a 
sphere not exceeding 45^ from the vertex, and the lower 
part is concave outwards, will be very strong, and not un- 
graceful. 
1 )onte oF 43. But the public taste has long rejected this form, and 
St l*eter*fl geems rather to select more elevated domes than this por- 
tt Rome. ^i^Q q£^ sphere, because a dome, when seen from a small 
distance, always appears flatter than it really is. The 
dome of St Peters is nearly an ellipsoid externally, of 
which the longer axis is perpendicular to the horizon. It 
is very ingeniously constructed. It springs from the base 
perpendicularly, and iis very thick m this part. After 
rising about 50 feet, the vaulting separates into two thin 
vaultings, which gradually separate from each other. 
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These two shells are connected together by thin parti- 
tions, which are very artificially dovetailed in both, and 
thus form a covering which is extremely sti£P, while it is 
very light Its great stifihess was necessary for enabling 
the crown of the dome to carry the elegant stone lantliom 
with safety. It is a wonderful performance and has not 
its equal in the world ; but it is an enormous load m com- 
parison with the dome of St Paul's, and this even inde- 
pendent of the difference of size. If they were of equal 
dimensions, it would be at least five times as heavy, and 
is not so firm by its gravity; but as it is connected in 
every part by iron bars (lodged in the solid masonry, and 
well secured from the weather by having lead melted all 
around them), it bids fair to last for ages if the founda- 
tions do not fail. 

If a circle be described round a centre, placed anywhere 
in the transverse axis AC (PlateXLVlll. fig. 11) of an 
ellipse, so as to touch the ellipse in the extremities B, b 
of an ordinate, it will touch it internally, and the circular 
arch Bab will be wholly within the elliptical arch BAb, 
Therefore, if an elliptical and a spherical vaulting spring 
from the same base, at the same angle with the norizon, 
the spherical vaulting will be within the elliptical, will be 
flatter and lighter, and therefore the weight of the next 
course below will bear a greater proportion to the thrust 
in the direction of the curve; therefore the spherical 
vaulting will have more stability. On the contrar}', and 
for similar reasons, an oblate elliptical vaulting is prefer- 
able to a spherical vaulting springing with the same in- 
clination to the horizon. (Fig. 13.) 

44. Persuaded that what has been said on the subject Dimen- 
convinces the reader that a vaulting perfectly equilibrated sions of 
throughout is by no means the best form, provided that^**® ^*5 
the base is secured from separating, we think it ^^^^neces- J°™ ^ * 
sary to give the investigation of that form, which has a 
considerable intricacy, and shall content ourselves with 
merely giving its dimensions. The thickness is supposed 
uniform. The numbers in the first column of the table 
express the portion of the axis counted from the vertex, 
and those of the second column are the lengths of the 
ordinates. 
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1000 
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1520 
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1800 



The curve delineated in fig. 15 is formed according to 
these dimensions, and appears destitute of gracefulness, 
because its curvature changes abruptly at a little distance 
from the vertex, so that it has some appearance of being 
made up of different curves pieced together. But if the 
middle be occupied by a lanthom of equal or of smaller 
weight, this defect will cease, and the whole will be ele- 
eant, nearly resembling the exterior dome of St PauFs in 
London. 

45. It is not a small advantage of dome-vaulting, that it Advan. 
is lighter than any that can cover the same area. If,^0^<'f 
moreover, it be spherical, it will admit considerable varie- "jf." 
ties of figure by combining different spheres. Thus, a^" "^' 
dome may begin from its base as a portion of a large 
hemisphere, and may be broken off at any horizcnud 
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course, and then a similar or a greater portion of a small- 
er sphere may spring from this course as a base. It also 
bears being intersected by cylindrical vaultings in every 
direction, and the intersections are exact circles, and al- 
ways have a pleasing effect. It also springs most grace- 
fully from the heads of small piers, or from the comers 
of rootas of any polygonal shape ; and the arches formed 
by its intersections with the walls are always circular and 
graceful, forming very handsome spandrels in every posi- 
tion. For these reasons Sir Christopher Wren employed 
it in all his vaultings, and he has exhibited many beauti- 
ful varieties in the transepts and the aisles of St Paul's, 
which are highly worthy of the observation of architects. 
Nothing can be more graceful than the vaultings at the 
ends of the north and south transepts, especially as fur- 
nished off in the fine inside view published by Gwynn and 
Wale. 

46. The connection of the parts arising from cement and 
from friction has a great effect on dome-vaulting. In the 
same way as in common arches and cylindrical vaulting, it 
enables an overload on one place to break the dome m a 
distant place. But the resistance to this effect is much 
greater in dome-vaulting, because it operates all round 
the overloaded part. Hence it happens that domes are 
much less shattered by partial violence, such as the fall- 
ing of a bomb or the like. Large holes may be broken in 
them without much affecttne the rest; but, on the other 
hand, it greatly diminishes Uie strength which should be 
derived from the mutual pressure in the vertical joints. 
Friction prevents the sliding in of the arch-stones, which 
produces this mutual pressure in the vertical joints, except 
in the very highest courses, and even there it greatly di- 
minishes iL These causes make a great change in the 
form which gives the greatest streneth ; and as their laws 
of action are as yet but very imperfectly understood, it is 
perhaps impossible, in the present state of our knowledge, 
to determine this form witn tolerable precision. We see 
plainly, however, that it allows a greater deviation from 
the best form than the other kind of vaulting, and domes 
may be made to rise perpendicular to the horizon at the 
base, although of no great thickness ; a thing which must 
not be attempted in a plain arch. The immense addition 
of strength which may be derived from hooping largely 
compensates for all defects; and there are iiardly any 
bounds to the extent to which a very thin dome-vaulting 
may be carried when it is hooped or framed in the direc- 
tion of the horizontal courses. The roof of the Halle du 
Bled at Paris is but a foot thick, and its diameter is more 
than 200, yet it appears to have abundant strength. It 
is, on the whole, a noble specimen of architecture. 

The iron ^'^* ^^ ^^^^ °^^ conclude this article without taking 
bridseat notice of that magnificent and elegant arch erected in 
Sunder, cast iron at Wearmouth| near Sunderland, in the county 
land de- of Durham. The inventor and architect was Rowland 
««"WhJ- Burdon, Esq. 

This arch (of which a view is given at the article Bridge) 
is a segment of a circle whose diameter is about 444 feet 
The span or chord of the arch is 236 feet, and its versed 
sine or spring is 34 feet. It springs at die elevation of 
60 feet from the surface of the river at low water, so that 
vessels of 200 or perhaps 300 tons burden may pass under 
it in the middle of the stream, and even 50 feet on each 
aide of it. 

The sweep of the arch consists of a series of frames of 
cast iron, which abut on each other, in the same manner 
as the voussoirs of a stone arch. One of these frames or 
blocks (as we shall call them in future) is represented in 
Plate X LTX • fig. 8, as seen in front It is cast in one piece, 
and consists of three pieces or arms BC, BC, BC, die middle 



one of which is two feet long, the upper beiri^ somewhat 
more, and the lower somewhat less, because their extremi-' 
ties are bounded by the radius drawn from the centre of the 
arch. These arms are four inches square, and are con- 
nected by other pieces KL, of such length that the whole 
len^h of the block is five feet in the direction of the 
radius. Each arm has a flat groove on each side, which 
is expressed by the darker shading, three inches broad 
and three fourths of an inch deep. A section of this 
block, through the middle of KL, is represented by the 
li^ht-shaded part BBB, in which the grooves are more 
distinctly perceived. These grooves are intended for re- 
ceiving flat bars of malleable iron, which are employed for 
connecting the different blocks with each other. Fig. 4 
represents two blocks united in this manner. For this 
purpose each arm has two square bolt-holes. The ends 
of the arras being nicely trimmed off, so that the three 
ends abut equally close on the ends of the next block ; and 
the bars of hammered iron being also nicely fitted to their 
grooves, so as to fill them completely, and have their bolt- 
holes exactly corresponding to those in the blocks ; tliey 
are put together in such a manner that the joints or meet- 
ings of the malleable bars may fallen the middle between 
the bolt-holes in the arms. Flat-headed bolts of wrought 
iron are then put through, and keys or forelocks are driven 
through the bolt-tails, and thus all is firmly wedged to- 
gether, binding each arm between two bars of wrought 
iron. These bars are of such length as to connect seve- 
nil blocks. 

In this manner a series of about 125 blocks are joined 
together, so as to form the precise curve that is intended. 
This series may be called a rib, and it stands in a vertical 
plane. The arch consists of six of these ribs, distant from 
each other five feet These ribs are connected together 
so as to form an arch of 32 feet m breadth, in the rollow- 
ingmanner. 

Tig. 5 represents one of the bridles or cross pieces 
which connect the different ribs, as it appears when view- 
ed from below. It is a hollow pipe of cast iron four 
inches in diameter, and has at each end two projecting 
shoulders, pierced with a bolt-hole near their extremities, 
so that the distance between the bolt-holes in the shoul* 
ders of one end is equal to the distance between the holes 
in the arms of the blocks, or the holes in the wrought iron 
bars. In the middle of the upper and of the under side of 
each end may be observed a sauare prominence, more 
lightly shaded than the rest These projections also ad- 
vance a little beyond the flat of the shoulders, forming be* 
tween them a shallow notch about an inch deep, which 
receives the iron of the arms, where they abut on each 
other, and thus give an additional firmness to the joint 
The manner in which the arms are thus grasped by these 
notches in the bridles u more distinctly seen in fig. 4)| 
at the letter H, in the middle of the upper rail. 

The rib having been all trimmed and put together, so 
as to form the exact curve, the bolts are all taken out, 
and the horizontal bridles are then set on in their places, 
and the bolts are again put in and made fast by the fore- 
locks. The bolts now pass through the shoulders of the 
bridles, through the wrought iron bars, and through the 
cast iron arm that is between them, and the forelocks 
bind all fast together. The manner in which this connec- 
tion is completed is distinctly seen in fig. 4^ which shows 
in perspective a double block in front, and a single block 
behind it The abutting joints of the two front blocks aic 
at the letters E, E, E ; die holes in the shoulders of the 
horizontal cross pieces are at H. 

48w This construction is beautifUly simple, and very 
judicious. A vast addition of strength and of stiffness is 
procured by lodging the wrought iron bars in groove? 
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ArcL. formed in the cast iron rails ; and for this purpose it is of weight of the whole did not exceed 1000 tons, whereas Aich. 

-^ ^ great importance to make the wrought iron bars fill the the lightest stone arch which could have been erected 

grooves completely, and even to be so tight as to require would have weighed 15,000. It was turned on a ve-y 

the force of the forelocks to draw them home to the bot- light but stiflP scafFoldinff, most judiciously constructed for 

tom of the grooves. There can be no doubt but that this the preservation of ite form, and for allowing an uninter- 

arch is able to withstand an enormous pressure, as long rupted passage for the numerous ships and small craft 

as the abutmento from which it springs do not yield. Of which frequent the busy harbour of Sunderland. The 

this there is hardlv any risk, because they are masses of mode of framing the arch was so simple and easy that it 

rock, faced with about four or five yards (m some places was put up in ten days, without an accident ; and when 

only) of solid block masonry. The mutual thrusts of the all was finished, and the scaffolding removed, the arch did 

frtunes are all in the direction of the rails, so that no part not sensibly change its form. The whole work was exe- 

bears any transverse strain. We can hardly conceive any cuted in three years, and cost about L.26,000. 
force that can overcome the strength of those arms by 

pressure or crushing them. The manner in which the Appendi 

frames are connected into one rib effectually secures the 

abutting joints from slipping ; and the accuracy with which 49. The excellence of the preceding article, written by 

the whole can be executed secures us against any warp- the late Dr John Robison, Professor of Natural Philosophy 

inff or deviation of a rib from the vertical plane. in the University of Edinburgh, for the Supplement to 



and 



But when we consider the prodigious span of this arch, the third edition of this work, may be inferred from the 
id reflect that it is only five feet thick, it should seem fact, that almost every later writer on mechanics has 
that the most perfect equilibration is indispensably neces- spoken of it with approbation, and borrowed more or less 
sary. It is but like a film, and must be so supple, that an from it. (See Gregory's Mechanics^ book L chap. 6 ; Hut- 
overload on any part must have a great tendency to bend ton's TVocto, vol. k. Bridges ; Whewell's Mechanics^ art. 
it, and to cause it to rise in a distant part ; and this effect 72, &c.) There is however one part of the article, viz. 
is increased by the very firmness with which the whole the purely mathematical part, which must have been 
sticks together. The overloaded part acts on a distant juito unintelligible as it originally appeared, because of 
part, tending to break it with all the energy of a long its numerous typographical errors. These are here cor- 
lever. This can be prevented only by means of the stiff, rected, we believe for the first time. Even with this ad 
ness of the distant part. It is very true, the arch cannot vantage, we fear it has rather a forbidding aspect to the 
break in the extrados except by tearing asunder the student of modem mathematics, because of the very 
wrought iron bars which connect the blocks along the up- complicated diagram (see PlateXLVIII.fig.l2) firom which 
per rail, and each of these requires more than a hundred the differential equation of the equilibrated arch has 
tons to tear it asunder; yet an overload of five tons on any been deduced. We shall therefore, as an appendix, 
rib at its middle will produce this strain at twenty feet treat of the equilibrated polvgon and equilibrated arch 
from the sides, 8up{)08ing the sides held firm in their po- upon the general principles of statics, and employ in this 
sition. It were desirable, therefore, that something were investigation only the most simple geometrical figures, 
done to stiffen the arch at the sides, by the manner of The theory of the equilibrated arch cannot be delivered 
filling up the spandrels or space between the arch and without employing the principles of the differential and 
the roaa-way* This is filled up in a manner that is ex- integral calculus ; but we shall endeavour to pass from 
tremely li^ht and pleasing to the eye, namely, by large the finite equation of the eauilibrated polygon to the 
cast iron curcles, which touch the extrados of the arch and differential equation of the arch by the shortest and most 
touch the road-way. The road-way rests on them as on direct road, 
so many hoops, while they rest on the back of the arch, 

and also touch each other laterally. We cannot think EquiUbrated Polygon. 

that this contributes to the strength of the arch ; for these 

hoops will be easily compressed at the points of contact, 60.InPIateXLIX.fig.9,let ABCDED'C'B'A'beapoly- 
and, changing their shape, will oppose very little resist- eon formed by beams or rods AB, BC, CD, DE, &c of any 
ance. We think that this part of the arch might have length, movable about the points B, C, D, £, &c as joints, 
been greatly stiffened and strengthened by connecting it and forming an equilibrium in a vertioJ plane by the 
with the road-way by trussed munes, in the same way mutual thrusts at the joints and by the weight of the 
that a judicious carpenter would have framed a roof. If beams, the extreme sides of the polygon being supposed 
a strong cast iron pillar had been made to rest on the supported or attached to fixed pomts. Let AB, BC, 
arch at about 20 feet from the impost, and been placed in CI>, be any three consecutive sides of the polygon : pro- 
the direction of a radius, the top of this pillar might have duce AB, DC, the extreme sides, until tliey meet in H. 
been connected by a diagonaJ bar of wrought iron with The beam BC is kept in its position b^ the thrusts of the 
the impost of the arch, and with the crown of the arch adjoining beams AB, CD, in the directions BH, CH, 
by another string or bar of the same materials. These and its own weight, which is equivalent to pressures or 
two ties would cause the radial pillar to press strongly on loads on the joints B, C» acting in a vertiod direction, 
the back of the arch, and diey must be tom asunder be- Let G be the point in BC, which is the centre of gravity 
fore it could bend in that place in the smallest degree, of weights proportional to loads at B and C. oy the 
Supposing them of the same dimensions as the bars in Uie principles of statics, the directions of these forces must 
arms, their position would give them near ten times the pass through the same point ; therefore G must be in a 
force for resisting the strain produced by an overload on vertical line passing through H. 
the crown. 51. Draw BL, CK, perpendicular to the vertical H G. 

This beautifril arch contains only 260 tons of iron, of Let f, p', f *, denote the angles which the lines AB, BC, 

which about 55 are wrought iron. The superstructure is CDj in their order, make with any horizontal line in the 

of wood, planked over a top. This floor is covered with plane of the polygon ; then 

a coating of chalk and tar, on which are laid the materials f = angle HBL, p = GBL = GCK, ^ = HCK : 

for the carriage road, consisting of marl, limestone, and also let w denote the load on the joint B, and uf tlie load 

gravel, with root-ways of fiag-stonea at the sides. The on the joint C. 
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By the nature of the centre of gravity, 

10 : «^ = CG : BG z= CK : BL, 
1 1 HG HG 



therefore «^2 «^ = bE ' CK = BL ' CK 



Now TvT- = 



and 



BL 
HG 



HL GL ^ ^ 
BL-BL = '^"-^ 
HK 



tan 9l 



= "^^ ~ CK "^ **"" *^ ""*"*' ^'^ 



GK 
CK "" CK 
hence it appears that 

to : «/ = tan. f — tan. ^ : tan. ^ — tan. f ". 
\^uf denote the load on the next joint D, and f'" the 
angle which the line D£ makes with the horizontal plane, 
it will appear in the same way that 

«/ : «/' = tan. ^ — tan. ^^ : tan. ^ — tan. f '", 
and 80 on throughout the whole polygon: whence we 
have this important proposition : 

Tht vertical pressures on any two joints of the polygon^ 
whether adjoining or remotej are to one another as the dif- 
ferences of the tangents of the angles which the sides about 
the joints make wUh the plane of the horizon, 

52. From this proposition we may infer, that if f , f' de- 
note the angles which any two adjoining sides of the 
polygon make with the horizontal plane, and w the load 
on the joint at their intersection, then, 

to = C (tan. f — tan. f) (A) ; 

and in this formula, C denotes some constant quantity, 
which is the same for all the angles of the polygon. This 
is the general equation of the eqjuilibrated polygon ; and 
it shows that the loads at the joints depend entirely on 
the angles which the beams make witn the horizontal 
plane, and are independent of the lengths of the beams 
themselves* 

Equilibrated Arch, 

5S. We shall next investigate the differential equation 
of an equilibrated arch, deducing it from the finite equa- 
tion of the equilibrated polygon. 

Let us suppose an equiliorated polygon of a very great 
number of sides (fig. 10), and that a curve ABC passes 
through all the joints : tne sides of the polygon will then 
be chords in the curve ; and as the number of these may 
be conceived to be greater than any assigned number, and 
each shorter than any given line, they may be regarded 
as elements of the curve, and as constituting it 

54. Let us suppose the curve ABC formed in this man- 
ner to be the in trades of an arch of a bridge, and that the 
ex trades is the line MDN, which may be curved or 
straight Let AC be the spany or ^eatest horizontal 
width of the arch, and BH, which bisects AC at right 
angles, its rise or height; also tet BD be the thickness of 
the arch of the crown : draw a straight line EDF perpen- 
dicular to DH, and draw AE, CF nerpendicular to EF. 

Let I^ be any indefinitely smaU part of the intrados 
ABC. Draw PRQ perpendicular to the horizontal line 
EF, meeting the extrados in R, and rp parallel to RP ; 
also draw PJK perpendicular to DH, meeting tp in 9, and 
PT touching the intrados in p ; and, referring the two 
curves to the same axes DE, let us put 
X z= DQ the common abscissa, 
y :=: PQ the ordinate of the mtrados, 
V = RQ the ordinate of the extrados, 
f = aneleTPKmadebytlietangentand horizontal linePK, 
c = Dd the given value of y at the crown, 
(fzsi AE the given value of y at either haunch. 

Then, because Vp is a differential of the arc BP, we 
have P9 = dx^ and pqzzdy. 

55. 'fhe load on the arc BP is the gravitating matter 



between it and DR, the arc of the extrados immediately ^ Arch, 
over it. TTiis is expressed by the area BDRP ; there- 
fore the load on P », the differendal of the arc, is (y — v)dx^ 
the differential ot that area* 

We have put f to denote the angle which a tangent at 
P makes with any horizontal line ; similarly, let ^ denote 
the anele which a line touching the curve at p makes 
with a horizontal line. If now the curve be considered 
as a polygon of an infinite number of infinitely short sides, 
and the lines which touch the curve at P and p as the pro- 
longations of two adjoining sides, then, by formula (A), 
sect. 52, the vertical pressure at their intersection will be 
C (tan. f — tan. p'). But these infinitely short touching 
lines may be regarded as forming Pp, the differential oi' 
the curve, the load on which we have found to be 
(y — v)dx : and, moreover, tan. f — tan. f ' = i/(tan. 9), 
the differential of the trigonometrical tangent of f ; there- 
fore, the relation between the intrados and extrados will 
be expressed by this equation, 

Cd(tan. f) = (y — v)dx. 

Now in all curves, tan. f = ^1 and making de constant, 

<i(tan. f) = ^, let us, to make the members of the 

equadon homogeneous, put c* instead of C, which is al* 
ways positive, and the above equation becomes 

and hence 

a:-i=-i w 

This differential equation, which is of the second order, 
and linear^ or of the first degree, comprehends in it the 
whole theory of the equilibrated arch. We may now de- 
duce from it the resolution of two problems. 

Pros. I. Having given the form of the intrados ABC, 
to find that of the extrados. 

Prob. 2. Having given the nature of the extrados, to 
determine the intrados. 

56. The first problem is easy, and may be resolved by 
the differential calculus. 

Ex, Let the intrados ABC be a segment of a circle 
whose centre is O. Draw PC to the centre. Letf=rangle 
POB, and a = PO the radius of the circle ; then, 

X = DQ = PK =: a sin. f, 
y = PQ= BD-^BK = (/+a (1 —cos. p), 
dx^a COS. f df, dyz=a sin. ^f , 

''- cos. 9 dx cos.'9 



dx 



^_. 



1 



dx 

sec* f 



dx^ a COS.* f a 

Now, by formula (B), 

y — 1? ^ (Py ^ sec* p 

therefore y — t? = — sec* p. 
^ a ^ 

But when a; zz 0, then 1; = 0, y zzc;^, f = 0, and sec f» = I 

therefore </ = - and e^ = oc^ ; hence we have 

a 

V — y = c' sec* f. 

This shows that the vertical line between the intrados 
and extrados is always proportional to the cube of the 
secant of the angle which the radius OP makes with the 
perpendicular ; a conclusion which agrees with section Hi* 
o£ the preceding article. 

57. The second problem, viz. having given the nature 
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Arch, of the ext:ado6, to find that of the intrados, is the more im- 
»>. .^-^^ portant of the two, and more difficult. Its solution re- 
quires the integral calculus ; but the difficulty is no great- 
er than that of finding the area of a curve whose equa- 
tion is given. This can always.be accomplished, if not in 
finite terms, at least by infinite series. We shall now give 
a general solution of me problem. 

Lagrange has shown (Tkiorie des JFonctums Analy" 
HqueSf chap, viii.) that the integration of the equation 

^^ y _ V 

(where X denotes an explicit fimction of die variable x\ 
can always be accomplished when two particular integrals 
of this other equation, viz. 

<b^ €« - "' 

are known. Now y :^ /w and ff=:qe ^ are such inte- 
grals (p and q being arbitrary constants, and ez=2*7 182818^ 
the number whose Napierian logarithm is unitv), as may 
be proved by differentiation; therefore, following La- 
grange, to integrate the equation (B), viz. 

we assume 

for the complete integral equation ; but now p and q are 
to be considered as functions of the variable x. To de- 
termine these, we differentiate, and get 

tfy 1 f i -il . ^p, -^ dq 

Since p and q are indeterminate functions of x^ we may 
assume that 

and then we have 

Again, by differentiating, we find 



(C) 



To determine the arbitrary constants b and 5^, we must 
consider that a tangent to the intrados at the vertex is 
perpendicular to the vertical DH ; therefore, when xzO, 

then ^= ; but from the equadon just found we get 

^=1 jief—ft^r^l +J L\fi'fxdx+r\fe^Xdx\ . 

Now, when x=0, then «« = 1, and e • =1 ; and by hypo- 
thesis the integrals J e^Xdx^Je 'Xdx in this particu- 
lar case vanish ; therefore, when d;=0, the last equation 
becomes 0=6 — I/, so that ^=5. But again, in the gene- 
ral equation (C), when jrsO, then y^zd i therefore we 
have also c^=r26 and 6=^. On the whole, the equation 
of the extrados is 

the integrals being taken so as to vanish when a?=0. 
We have thus brought the solution to depend on the in- 
tegration of the two differentials 

€*Xdx^ e «*X<ir, 

which in fact will onlv differ m their sign, because om 
branches of the extrados on opposite sides of the vertical 
are exactly alike, and therefore . the substitution of — x 
for + X will not change the sign ofti nor of X. Now this 
integration can always be effected b known methods, 
therefore the second problem may be regarded as com- 
pletely resolved. 

57. Example, Let us suppose that the extrados is a ho- 
rizontal straight line EF. 

The line PT being supposed to touch the curve, let U4 
as before put 

c' = DB, c^ = EA, * = DE, 
a: = DQ, y = PQ, f = angl^ TPK. 
In this case v = and X = 0, and the equation of th^ 
curve is simply 




=i+M-^-'-i}- 



dx 
This result, compared with equation (B), gives 

e\ dx dxj ^ 

FWtm this and the equation 



y = l{'^+' •}• 



we obtain f putting X = — -jj 






|=-|--x. 



p^-Je 'Xdx+b; q^'^'^eTXdx+bt. 

Here b and 1/ are arbitrary constants, and the integrals 
lire supposed to be taken so' as to vanish when a;=0. The 
complete integral equatiar is now 



This case of the general problem has been resolved in 
sect. 25; the equation of the curve is, however, here 
given under a different form. We shall now deduce from 
It a formula for logarithmic calculation. 

In all curves, tan. ? = x* "^ ^® present cast; 

Let '^ be such an angle that 

«• = tan. (46* + J«+), then e "2= tan. (45— -| 4^). 
Hence, by the arithmetic of sines (Algebra, sect. 244, 
<K) luid secu 240, (C) No. i;. 



cos.(45''+i^)co8.(45— j4) oos.«4# 



= :=2sec.it 






sin. 4 



_,28in^_ 



cj^45o ^ ^)cc«.(45<>-4^) C08.-4' 

2p 



=2tao. 
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CarjMiitry. nearly proportional to the square of the diameter ; and 
hence arises the great utility of tubes when stiflPhess is 
required, this property being still more increased by the 
expansion of the substance than the ultimate strength. 
It is obvious that there are a multiplicity of cases in car- 
pentry where stiffness is of more importance than any 
other property, since the utility as well as beauty of the 
fiabric might often be destroyed by too great a flexibility 
of the materials. 

If we wish to find how much a beam of fir will sink when 
it is loaded in the middle, we may multiply the cube of 
the length in inches by the given weight in pounds, and 
divide by the cube of tlie depth, and by ten million dmes 
the breadth ; but, on account of the unequal texture of 
the wood, we must expect to find the bendin«^ somewhat 
greater than this in practice, besides that a large weight 
will often produce an alteration, or permanent settling, 
which will be added to it : a beam of oak will also sink a 
little more than a beam of fir with the same weight 

With respect to torsion, the stiffness of a cylindrical 
body varies directly as the fourth power of the diameter, 
and inversely in the simple proportion of the length : it 
does not appear to be changed by the action of any force 
tending to lengthen or lo compress the cylinder ; and it 
may very possibly bear some simple relation to the force 
of cohesion, which has not yet been fully ascertained; 
but it appears that, in an experiment of Mr Cavendish, 
the resistance of a cylinder of copper to a twisting force, 
acting at its surface, was about j^d of the resistance that 
the same cylinder would have opposed to direct extension 
or compression. 

Alteration is oflen an intermediate step between a tem- 
porary change and a complete fracture. There are many 
substances which, afber bending to a certain extent, are 
no longer capable of resuming their original form ; and in 
such cases it generally happens that the alteration may 
be increased without limit, until complete fi-acture takes 
place, by the continued operation of the same force which 
has begim it, or by a force a little greater. Those substan- 
ces which are the most capable o(^ this change are called duc- 
tile ; and the most remaricable are gold, and a spider's web. 
When a substance has undergone an alteration by means 
of its ductility, its stiffness, in resisting small changes on 
either side, remains little or not at all altered. Thus, if the 
stiffness of a spider's web, in resisting torsion, were suffi- 
cient at the commencement of an experiment to cause it 
to recover itself, after beine twisted in an angle of ten de- 
grees, it would return ten degrees, and not more, after hav- 
ing been twisted round a tliousand times. The ductility of 
all substances capable of being annealed is greatly modi- 
fied by the effects of heat. Hard steel, for example, is in- 
comparably less subject to alteration than sofl, although 
in some cases more liable to fracture ; so that the degree 
of hardness requires to be proportioned to the uses for 
which each instrument is intended ; altliough it was prov- 
ed by Coulomb, and has since been confirmed by other 
observers, that the primitive stiffness of steel, in resisting 
small flexures, is neither increased nor diminished by any 
variation in its temper. 

The strength of a body is measured by the force re- 
quired completely to overcome the corpuscular powers 
ooncemed in the aggregation of its particles, and it is 
jointly proportional to the primitive stiffness and to the 
toughness of the substance, that^ is, to the degree in 
which it is capable of a change of form without permanent 
alteration. It becomes, however, of importance in some 
cases to consider the measure of another kind of strength, 
¥^iiieh has sometimes been called resilience, or the power 
of resisting a body in motion, and which is proportional to 
the strength and the timglmess conjointly, that is, to the 



stiffness "and the square of the toughness. Thus, if we Carpentry 
double the length of a given beam, we reduce its abso* 
lute strength to one half; and its stiffness to one eighth ; 
but since the toughness, or the space through which it will 
continue to resist, is quadrupled, the resilience will be 
doubled, and it would require a double weight to fidl from 
the same height, or the same weight to fall from a double 
height, in order to overcome its whole resistance. If 
we wish to determine the resilience of a body from an 
experiment on its strength, we must measure the dis- 
tance through which it recedes or is bent previously to 
its fracture ; and it may be shown that a weight which 
is capable of breaking it by pressure, would also break it 
by impulse if it moved with the velocity acquired by fall- 
ing from a height equal to half the deflection. Thus, if a 
beam or bar were broken by a weight of 100 pounds, afier 
being bent six inches without alteration, it would also be 
broken by a weight of 100 pounds falling from a height of 
three inches, or moving in a horizontal direction with a 
velocity of four feet in a second, or by a weight of one 
pound falling from a height of 300 inches. This substi- 
tution of velocity for quantity of matter has, however, one 
limit, beyond which the velocity must prevail over the 
resistance, without regard to the quantity of matter; and 
this limit is derived from the time required for tlie suc- 
cessive propagation of the pressure through the different 
parts of the substance, in order that they may participate 
in the resistance. Thus, if a weight fell on the end of a 
bar or column with a velocity of 100 feet in a second, and 
the substance could only be compressed ^\^ of its length, 
without being crushed, it is obvious that the pressure 
must be propagated through the substance with a velocity 
of 20,000 feet in a second, in order that it might resist the 
stroke ; and, in general, a substance will be crushed or 
penetrated by any velocity exceeding that which is ac* 
quired by a body falling from a height, which is to half 
that of the modulus of elasticity of the substance, as tlie 
square of the greatest possible change of length is to the 
whole length. From the consideration of the effect of 
rigidity in lessening the resilience of bodies, we may un- 
derstand how a diamond, which is capable of resisting an 
enormous pressure, may be crushed with a blow of a small 
hammer, moving with a moderate velocity. It is remark- 
able that, for the same substance in different forms, the 
resilience is in most cases simply proportional to the bulk 
or weight, while almost every other kind of resistance is 
capable of infinite variation by change of form only. 

The elaborate investigations of M. Lagrange, respect- 
ing the strength and the strongest forms of columnSi ap- 
pear to have been conducted upon principles not alto- 
gether unexceptionable ; but it is much easier to confute 
the results than to follow the steps of the computations. 
One great error is the supposition that columns are to be 
considered as elastic beams, bent by a longitudinal force ; 
while, in reality, a stone column is never slender enough 
to be bent by a force which it can bear without being 
crushed ; and even for such columns as are capable of being 
bent by a longitudinal force, M. Lagrange's determina* 
tions are in several instances inadmissible. He asserts, for 
example, that a cylinder is the strongest of all possible 
ibrms, and that a cone is stronger than any conoid of the 
same bulk ; but it appears to be demonstrable in a very 
simple manner, and upon incontestable principles, that a 
conoidal form may be determined, which shall be stronger 
than either a cone or a cylinder of the same bulk. 

When a column is crushed, its resistance to compres- 
sion seems to depend in great measure on the force of la- 
teral adhesion, assisted by a kind of internal friction, de* 
pendent on the magnitude of tlie pressure ; and it com- 
monly gives way by the separation of a wedge in an 
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Carpentry, obliqae direction. If the adhesion were simply proper- of the prism as one fourth of its bulk is to one tliird of the Caqteutr^ 

' tional to the section, it may be shown tliat a square bulk of the firism. The strength of a beam supported at 

column would be most easily crushed when the angle of its extremities may be doubled by firmly fixing the ends 

the wedge is equal to half of a right angle ; but if the ad- where it is practicable ; and we have already seen that 

hesion is increased by pressure, this angle will be dimi- the stiffness is quadrupled : but the resilience remains 

nished by half the angle of repose appropriate to the sub- unaltered, since the resistance is doubled, and the space 

stance. In a wedge separated by a direct force from a through which it acts is reduced to a half. It is there- 

prism of cast iron, the angle was found equal to 32^^, fore obviously of importance to consider the nature of the 

consequently the angle of repose was 2 X 12^^ = 25^, and resistance that is required from the fabric which we are 

the internal friction to the pressure as 1 to *46G, the tan- constructing. A floor, considered alone, requires to be 

gent of this angle ; there was, however, a little bubble in strong ; but in connection with a ceiling, its stiffness re- 

the course of the fracture, which may have changed its quires more particular attention, in order that the ceiling 

direction in a slight degree. The magnitude of the late- may remain free from cracks. A coach-spring requires 

ral adhesion is measured by twice the height of the wedge, resilience for resisting the relative motions of the carriage, 

whatever its angle may be. In this instance the height was and we obtain this kind of strength as effectually by com- 

to the depth as 1*57 to 1, consequently the surface, afford- bining a number of separate plates, as if we united them 

ing an adhesion equal to the force, was somewhat more into a single mass, while we avoid the stiffness, which 

than three times as great as the transverse section, and wouldrender the changes of motion inconveniently abrupt, 

the lateral adhesion of a square inch of cast iron would be In all calculations respecting stiffness, it is necessary to 

eaual to about 46,000 pounds ; the direct cohesive force be acquainted with the modulus of elasticity, which may 

of the same iron was found by experiment equal to about be found for a variety of substances in the annexed table. 

20,000 pounds for a square inch. It is obvious that expe- ^^.j^ ^^^ j^^^^ ^j. ^-^^^ ,„ jTumtand, of Feet 

iments on the strength of a substance in resistmg com- ^ -^ ^z ^ ' j 

' ' ''^'^'^^ Firwood 10,000 

Elm 8,000 



Beech 8,000 

Oak 6,060 

Box 5,050 

Ice 850 



i>ression ought to be tried on pieces rather longer than Iron and steel 10,000 

cubes, since a cube would not allow of the free separation Copper 5,700 

of a single wedge so acute as was observed in tins expe- Brass 5,000 

riment; although, indeed, the force required to separate Silver.. 3,240 

a shorter wedge on each side would be little or no great- Tin 2,250 

er than for a single wedge. The same consideration of Crown glass 9,800 

the oblique direction of the plane of easiest fracture would „ «„^„^.,,^.^vt„ »-, * ^,^,« ^^ -, •^,,». 

.J ^ . 1 *u *r r 1 r**i ^ '*- — PROPOSITIONS RBLATIMO TO FLEXURE. 

induce us to make the outlme of a column a little convex 

externally, as the common practice has been ; for a circle A. The stiffness of a cylinder is to that of its cireunf 

cut out of a plank possesses the advantage of resisting scrUnng rectangular prisin^ as three times the buUtofthe cy 

equally in every section, and consequently of exhibiting Under is to fotir times that of the prism. 

the strongest form^ when there is no lateral adhesion ; We may consider the different strata of the substance 

and in the case of an additional resistance proportional to as ai ting on levers equal in length to the distance of each 

the pressure, the strongest form is afforaed by an oval from the axis ; for although there is no fixed fulcrum at 

consisting of two circular segments, each containing twice the axis, yet the whole force is the same as if such a ful- 

tlie angle formed by the plane of fracture with the hori- crum existed, since the opposite actions of the opposite 

son. If we wish to obtain a direct measure of the lateral parts would relieve the fulcrum from all pressure. Then 

adhesion, we must take care to apply the forces concerned the tension of each stratum being also as the same dis- 

at a distance from each other not greater than one sixth of tance x, and the breadth of the stratum being called 2y, 

the depth of the substance, otherwise the fracture will the fluxion of the force on either side of the axis will be 

probably be rather the consequence of flexure than of de- 'Ha^dXf while that of the force of the prism, the radius 

trusion. Professor Robison found this force in some in- bein^ r, is 2r3fidx, Now z being the area of half the por- 

stances twice as great as the direct cohesion, or nearly in tion included between the stratum and the axis, of which 

the same proportion as it appears to have been in the ex- ^v ^ . • ^ ^l ^ • r ^^ mi u 

periment on tTe strength o& iron; Mr Coulomb thinks *« fl"*'"" " ^' **> fluxion of z- 2^ wiH be 

It most commonly equal only to the cohesion; and in y^dx S^xdy 

fibrous substances, especially where the fibres are not per- ^^ JS jj5 

fectly straight, the repulsive strength is generally much . a . q 

less than would be inferred from this equality, and some- =ydx (1 — •^l ^ ydy. 

tiroes even less than the cohesive strength. n ^^ ^ 

It is well known that the transverse strength of a beam o, * i ^^ — ** ^nA •///•i — -tv/* 

is direcUy as the breadth and as the square of the depth, '^"^ ^ — T? - T?' *"^ " ^^9 - ^*^' 

and inversely as the length ; and the variation of the re- therefore the fluxion is 

suits of some experiments from this law can only have de- a^ydx Sa^vdx As^dx 

pended on accidental circumstances. If we wish to find ^^ + — ~ — = —^ — ; 

tlie number of hundredweights that will break a beam of ,,„ r> o .,« ■« ..%. 

oak supported at both ends, supposing them to be placed consequently the fluent of 2a^ydx is JA — iyhe, which 

exactly on the middle, we may multi^y the square of the ^^^^^ y = 0, becomes Jf*2!, or one fourth of the product 

depth in inches by 100 times the breadth, and divide by of the square of the radius by the area of the section 

the length ; and we may venture m practice to load a while the fluent of 2ra^dx, that is, Jr*». the force of thif 

beam with at least an eighth as much as this, or, in case of prism becomes f r* or J t* X 2 r», one third of the pro- 

necessity, etcn a fourth. And if the load be distributed dwct of the same square into the area of the section or 

equally throughout the length of the beam, it will support ^^ prism. -,,.,, 

tfrice as much ; but for a beam of fir the strength is some- Hence the radius of curvature of a cylindrical column, 

what less than for oak. A c;rlinder wUl bear the same -^^^^^ ^f M^ /^rt. Bridge, Prop. G), will be ™ the 

curvature as the circumscribing prism, and it may be ^"f!f I^yy 

shown that its strength, as well as its stiffness, is to that weight of the modulus M decreasing in tlie same propor- 
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Carfieiitrr. tion as the bulk when the prism is reduced to a cylinder, monic curve; and supposing the quadrantal length ot Carpentrj 

'""^"^^^ The force is supposed in this proposition to be either this curve A, we have again, as in the last proposition, 
transverse or applied at a considerable distance from the M -. v j r ? M 

axis : but the error will not be material in any other case. * = t V^3?"^» ®''» '^'' ® cyhuder, A = ^ ^^ • ^^ N°^'' 

B. When a longitudinal force f u applied to the extremU .. . "f r*t. • r *• r*.t. u • 
HeB^a .traight^smaid beak otiL distance b from the tangent of the mcliMtion of the harmonic cuir^ 

the in>, the defl^ of the middle of t/ie beam Ju be *« ^^ »'"« ^^ ^^^ ^^""^ ^«^"^« ^^"^ ^*^^ ™*^^'^ 5 con- 

6 (secant W(^) . ^] — l) ; M being the weight of the «equently, as sin. -=i . c, or cos. -j, is to the radius, so 

modulus, e the length of the beam, and a its depth, is the tangent ^ expressing the difference of inclination 

The curvature being proportional to the distance firom of the end of the beam and the direction of the force, which 

the line of direction of the force, or to the ordinate, when is also that of the middle of the supposed curve, to the 

that line is considered as the absciss, the elastic curve tangent of the extreme inclination of the curve to ite ab- 
must in this case initially coincide with a portion of the . «.tMit./*i-. ee ,. 

harmonic curve, well known for its utility in the resolu- ^'««' ^^'^^ '^^^ therefore be < sec. -j-; consequently the 

tion of a variety of problems of this kind. Now if the j^ ^ 

half length of the complete curve be called A, correspond- greatest ordinate will be — sec. -t-, and since the ordi- 
ing to a quadrant of the generating circle, and the great- . \ , ,. /. • 

est ordinate y, e being the quadrant of a circle of which nates are as the sines of the angular distances from the 

the radius is unit?, the radius of curvature r correspond- o"g*»n o^ the curve, the ordinate at the fixed end of the 

ing to y will be , that is, a third proportional to y and beam, corresponding to the angle -p that is, the deflec- 

_ _ 
A ,. ,. ^ ,, ,. . , ^, Moa .11 1_ A^ «? ee kt ec .. .M 

- the radius of the generating circle; consequently y^y tion,willbe — sec.-t-.8In.-t-= — tang.-j-=:^ v^^^f-a/ 

kh -- ^laaec j.i^M,^, . S^S/" M 4« 

'='^'^""I2T'®^ ^^^S/'^' ^"tbythena^ xano. ^^ ^, or, for a cylinder, ^ v^i~ . a ^ tang. ^ 

cure of the curve, y : 6 = 1 : cos. ^r = sec st • ^» and / / 

^ 2A 2A ^M' 

y = ft SEC ^ = ft SEC. i/% . -, which is the ordinate By means of this proposition we may determine the ef- 

2A Ma feet of a small lateral force in weakening a beam or pillar 

at the middle ; and the deflection from the natural situa- which is at the same time compressed longitudinally by a 

tion is y — ft. much sreater force, considering the parts on each side of 

It follows that, since the secant of the quadrant is infi- the point to which the lateral force is applied, as portions 

%f e , 1 1 « . Ml of two beams, bent in the manner here described, by a 

nite, when s/^ . - becomes equal to c, the deflection will gjngie f^rce slightly inclined to the axis. 

be infinite, and the resistance of the column will be over- D. ^ ft«r /£iSrf at one end, and bent by a transverse force 
come, however small the distance ft mav be taken, provid- opphed to the other end, assumes mtttaUy thefonnrfa cu- 
ed that it be of finite magnitude ; and since in this case bic parabola, and the deflection at the end is d = t^. 
Sfee A Maacc aa r j j^^^ 
jjj^ = «?,/= g^ = "8225 M — , which is the utmost The ordinate of a cubic parabola varying as o^, its se- 

for"^ that the column wiU bear : and for a cylinder we find, condjluxion varies as fix {dxf, or since the first fluxion 

^ 'of the absciss is constant, simply as the absciss x, mea- 

by the same reasoning, / = f^^ = -6169 M ^ If ft «nred from the vertex of the parabola, which must there- 

4«0 ee fore be situated at the end to which the force is applied, 

be supposed to vanish, we shall have in theory an equili- and the absciss must coincide with the tangent of the bar. 

brium without flexure ; but since it will be tottering, it But if we begin from the other end, we must substitute 

cannot exist in nature. e — x for x, and the second fluxion of the ordinate will be 

Bjf applying this determination to the strength of wood as 6 {e — x) (dbcf, the first as Qexdx — Ss^dx^ and the flu- 

and iron, compared with the modulus of elasticity, it ap- ent as 3«!* — a^, which, when xzze, becomes 2«», while it 

pears that a round column or a square pillar of either of would have been S^' if the curvature had been uniform, 

these substances cannot be bent by any longitudinal force and the second fluxion had been everywhere 6e(dxy, Now 

applied to the axis, which it can withstand without being ,,. ^ i_i.iji.- ^oa 

crushed, unless its length be greater than twelve or thir- the radius of curvature at the fixed end being r = -^, 

teen times its thickness respectively ; nor a column or pil- ^nd the versed sine of a smaU portion of a circle being 
lar of stone, unless it be forty or forty-five times as long ^ q^ 

as it is thick. Hence we ma^ infer, as a practical rule, equal to 5-, this versed sine will be expressed ^y^r^ l 
that every piece of timber or iron intended to withstand *" ^of ^^ 

any considerable compressing force, should be at least as and two thirds of this, or ^-f will be the actual deflection, 
many inches in thickness as it is feet in length, in order ^^'^ 

to avoid the loss of force which necessarily arises from E. The depression of a bar, fixed horizontally €U one end, 
curvature. , . , . . r^ . j Se* . . 

C. When a beam, fixed at one end, is pressed by a force ond siqjporting only tts own wetght, ts d sz .^-— ; m bemg 

inadirecHondef^Hngfromtheorigif^ the height of the modulus of elasticity, 
xn a sfnaU angU, of which the tangent is t, the defiectum fte- The culture here varies as the square of the distance 

iiomes ft::^ tU \' tang. ( ^ y . ~Y from the end, because the strain is proportional to Uie 

^^f \ M aj weight of the portion of the bar beyond any given point, 

^ The inclination of the curve to the absciss being incon- and to tlie distance of its centre of gravity conjointly, 

sidorable, it will not differ sensibly from a portion of a har- that is, to (e — x) j (e — x), so that if the second flu&iun 
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CarpentTj. at the fixed end be as ^dxy^ it will elsewhere be as of carpentry as a mechanical art, or to describe the various Carpentry 

(e — xy (dxy ; and the corresponding first fluxions being ways of executing its different works, suited to the varie- '^^^sr^^ 

t^xdx and ^xdx — eai^dx -|- f aPdx^ the fluents will be ty of materials employed, the processes which must be 

h e^j^, and ^ ^a^ — 4- ea^ + I'ff^* o^» when x = c^ -j^ ^, and followed for fashionmg and frammg them for our purposes, 

( ^ — ^ -{- •^) e* = ^ €f* ; consequently the depression must and the tools which must be used, and the manner in 

be half the versed sine in the circle of greatest curva- which they must be handled. This would be an occupa- 

Maa tion ^or volumes, and, though of great importance, must 

ture. Now the radius of curvature j^jg- becomes here be entirely omitted here. Our only aim at present will be 

^ to deduce, from the principles and laws of mechanics, and 

— ^, the force being applied at the distance ^; and the knowledge which experience, and judicious inferences 
^f from it, have given us concemine the strength of timber, 
since the weieht of the bar is to that of the modulus of in relation to the strain laid on it, such maxims of con- 
elasticity in the proportion of the respective lengths, we struction as will unite economy with strength and efficacy. 
f t y maa , , j • ^ «. '^^^ object is to be attained by a knowledge, Isi, of the 
have ^ = — , and r = -^, and the versed sme for the gtrength of our materials, and of the absolute strain that is 

Q^ to be laid on them ; 2dly^ of the modifications of this strain, 

ordinate e will be , half of which is the actual de- by the place and direction in which it is exerted, and the 

^'^^^ changes that can be made by a proper disposition of the 

pression. parts of our structure ; and, 3c%, having disposed every 

F. The depression of the mUdkofa horizontal bar ^ fixed piece in such a manner as to derive the utmost advantage 

ai both endsy and supporting its own weight only^ isd => ttom its relative strength, we must know how to form the 

^ joints and other connections in such a manner as to secure 

^ • the advantages derived from this disposition. 

"Jf** I. • /. i_ i_ This is evidently a branch of mechanical science which An import- 

The transverse force at each pomt of such a bar, re- m^kes carpentry a liberal art, constitutes part of the learn- «t branch 

sisted by the lateral adhesion, is as the distance a? from j^g of the Engineer, and distinguishes him from the °( "I^^*?^' 

the middle {lit. Bridge, under Prop. L) ; but this force workman. Its importance in all times and states of civil "**** ''*• 



ence. 



IS proporuonal to the first fluxion of the strain or curva- go^iety is manifest and great. In the present condiUon of 
ture, consequently the curvature itself must vary as the these kingdoms, raised by the active ingenuity and en- 
corrected fluent of =±= xdx, taking here the negative sign, ^^gy of our countrymen to a pitch of prosperity and in- 
because the curvature diminishes as x increases ; and the fl^ence unequalled in the history of the world, a condition 
corrected fluent will be if — ^, smce it must vanish ^hich consi«»ts chiefly in the superiority of our manufac- 
when /?=i«; the first fluxion of the ordinate will then ^^^^ attained by prodigious multiplication of engines of 
be J^xdr— ^«^, and the fluent J e»x»—TVf^» or jor ^y^ry descriptioif, and for every species of labour, the 
the whole length ^e^^^ c^ instead of ^, or -j^, which Science (so to term it) of carpentry is of immense conse- 
would have been lU vafue if the curvature had been equal qugnce. We regret therefore exceedingly that none of 
throughout- Now the strain at the middle is the differ- ^ur celebrated artiste have done honour to themselves and 
ence of the opposite strains produced by the forces act- t^gir country, by digesting into a body of consecutive doc- 
ing on either side; and these are the half weight acting brines the resulu of their experience, so as to form a sys- 
at the mean distance i «, and the resistance of the support, ^^^ from which their pupils might derive the first prin- 
which 18 equal to the same half weight, but acts at the ^iples of their education. The many volumes called Com- 
distance i^ the difference being equivalent to the half piete Instructors, Manuals, &c take a much humbler 
weight, acting at the distance i c, so that the curvature at flight, and content themselves with instructing the mere 
the middle is the same as if the bar were fixed there, and workman ; or sometimes give the master builder a few ap- 
loose at the ends ; that is, as m the last proposition, sub- proved forms of roofs and other framings, with the rules 

•tituting 4e for e, r=?^; and the versed sine at the ^""^ ^f^'^^K ^^f °° .PtP^'' f"^ from thence Arming the 

° ■ Zee working draugbte which must guide the saw and the chuel 

^ 3«* . . 5«* of the workman. Hardly any of them oflPer any thing that can 

distance | « bemg ^, or jg^^» % of tJ«i» will be g.^maa ^ oHe** * principle, applicable to many particular cases, 

_-. , ^ ^. Ml . .- <• with the rules for this adaptation. We are indebted for PrinciiNUlv 

This demonstrauon nwy serve as an illustration of two ^j^^ „eatest part of our knowledge of this subject to theta.lebt^w 

modes of considering the effect of a strain, which have not ,^bours of literary men, chiefly Sreigners, who have pub-foretenm 

been ^nerally known, and which are capable of a very l^^^^ j„ ^^e memoirs of the leamea academies disslrta-ffS*^"'*- 

extensive apphcation. „,,,.. . tionsondifferent parte of what may be termed Uie&«»i«S^r„?. 

It follows that where a bar IS equally loaded through- ^ C4ify«ifty. It is singular that the member, of thegt"''- 

out Its length, the curvature at the middle is half as great ^^^ ^j* ^f j^^^^^ .^^ even of that established^ 

as If the wlole weight were collected there, tlie strain de- and supported for the encouragement of the arts, have con- 

rived from the resistanceof the supiwrt remaming in that j^j^uteJ so litUe to the publiTinstruction in thU respect, 

case uncompensated. The depression produced: by the ^^ ^ave observed some beginnings of this kind, such as the 

divided weight will be f as great as by the single weight, ,3,^ ^ „f Nicholson's CWnfcP* and Mner'e Assistant ; 

since 4 X i w to § as 6 to 8. M. Dupin found the propo- ,„j fj j^ ^jj^ pleasure we ran say, that we were told by 

siuon, by many expenmente, between | and * ; and | is a ^^ editor this work was prompted in a great measure bV 

very good mean for represenUng these resulte. ^^athas been delivered inour ^UclesKooFand Strbnoth 

OF Materials, It abounds more in important and new 

III. — KLEMBMTs OF CARPKNTRT. observations than any book of the kind that we are ac- 
quainted with. We again call on such as have given a 

Ueflnftldo. " Carpentry is the art of framing timber for the pur- scientific attention to this subject, and prey that they would 

poses or architecture, machinery, and, in general, for all render a meritorious service to their country by imparting 

considerable structures." the result of their researches. The very limited nature 

It is not intended in this article to give a full account of this work docs not allow us to .treat the subject in de- 
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'(* to the figure to show what enormous strains may Thus have we gone ovei all the varieties which canCarpentiv 

riroduced by a very moderate force, A£, when it is happen in the bearings of three pieces on one point. All n-^n--^*'' 

r- ted on a very obtuse angle J calculations about the strength of carpentry are reduced 

. Ue fourth and fiflh figures will assist the most unin- to this case; for when more ties or braces meet in a point 

K'ted reader in conceiving how the very same strains, (a thing that rarely happens), we reduce them to three, 

AG, are laid on these 1>eams, by a weight simply by substituting fot any two the force which results from 

iiig from a billet resting on A, pressing hard on AD, their combination, and then combining this with another: 

also leaning a little on AC ; or by an upright piece, and so on* 

joggled on the two beams AC, AD>and performing The younc^ artist must be particularly careful not to 

office of an ordinary king-post The reader will thus mistake the kind of strain that is exerted on any piece of 

n to call off his attention from the means by which the the framing, and suppose a piece to be a brace which is 

ins are produced, and learn to consider them abstract- really a tie. It is ver^ easy to avoid all mistakes in this 

merely as strains, in whatever situation he finds them, matter by the following rule, which has no exception. 

^ from whatever cause they arise. (See Note AA.) 

Ac presume that every reader will perceive, that the Take notice of the direction in which the piece acts Rule toi 

nortions of these strains will be precisely the same if from which the strain proceeds. Draw a line m that di-distin- 

ry thing be inverted, and each beam be cfrawn or pull- rection from the point on which the strain is exerted, ^i^huifi 

in the opposite direction. In the same way that we and let its length (measured on some scale of equal parts) ^^^ ^^^^ 

<e substituted a rope and weight in fig. 4, or a king- express the ma^itude of this action in pounds, nundreds,^*^'^* 

^t in fig. 5, for the loaded beam BA of &• S, we might or tons. From its remote extremity draw lines parallel to extension. 

.ve substituted the framing of fig. 6, which is a very usual the pieces on which the strain is exerted. The line pa- 

.ictice. In this framing, the batten DA is stretdned by rallel to one piece will necessarily cut the other, or its di- 

t'orce AG, and the piece AC is compressed by a force rection produced. If it cut the piece itself, that piece is 

F. It is evident that we may employ a rope or an iron compressed by the strain, and it is performing the office 

h\ hooked on at D, in place of the batten DA, and tlie of a strut or brace ; if it cut its direction produced, the 

trains will be the same as before. piece is stretched, and it is a tie. In short, the strains on 

This seemingly simple matter is still full of instruction ; the pieces AC, AD, are to be estimated in the direction 

nd we hope that the well-informed reader will pardon us, of the points F and 6 from the strained point A. Thus, 

hough we dwell a little longer on it for the sake of the in fig. 3, the upright piece BA, loaded with the weight B, 

oung artist. presses the point A in the direction A£ ; so does the rope 

By changing the form of this framing, as in fig. 7, we AB in the other figures, or the batten AB in fig. 5. 
'•roduce the same strains as in the disposition represented In general, if the straining piece is within the an^le 

ly the dotted lines in fig. S. The strains on both the formed by Uie pieces which are strained, the strains which 

t)atten8 AD, AC, are now greatly increased. they sustain are of the opposite kind to that which it ex- 

The same consequences result from an improper change erts. If it be pushing, they are drawing ; but if it be 

of the position of AC. If it is placed as in fig. 8, the within the angle formed by their directions produced, the 

strains on both are vastly increased. In short, the rule is strains which they sustain are of the same kind. All the 

general, that the more open we make the angle against three are either drawms or pressing. If the straining 

which the push is exerted, the greater are the strains piece lie within the angle formed by one piece and the 

which are brought on the struts or ties which form the produced direction of we other, its own strain, whether 

sides of the angle. compression or extension, is of the same kind with that of 

The reader may not readily conceive the piece AC of the most remote of the other two, and opposite to that of 

fig. 8 as sustaining a compression ; for the weight B ap- the nearest. Thus, in fig. 9, where AB is drawing, the 

pears to hang from AC as much as from AD. But his remote piece AC is also drawing, while AD is pusmng or 

doubts will be removed by considering whether he could resisting compression. 

employ a rope in place of AC He cannot ; but AD may In all that has been said on this subject, we have not 

be exdianged for a rope. AC is therefore a strut, and spoken of any joints. In the calculations with which we 

not a tie. are occupied at present, the resistance of joints has no 

In fig. 9, Plate LI., AD is asain a strut, butting on tlie share ; and we must not suppose that they exert any 

block D, and AC is a tie ; and &e batten AC may be re- force which tends to prevent the angles from changing 

placed by a rope. While AD b compressed by the force The joints are supposed perfectly flexible, or to be like 

AG, Au is stretched by the force AF. compass joints, the pin of^ which only keeps the pieces to- 

^ If we give, AC the position represented by the dotted gather when one or more of the pieces draws or pulls, 

lines, the compression of AD is now AG^ and the force Tlie carpenter must always suppose tliem all comnass 

stretching AO is now AP; both much greater than they joints when he calculates the thrusts and draughts of^the 

were before. This disposition is analo^us to fig. 8, and different pieces of his frames. The strains on joints, and 

to the dotted lines in ng. S. Nor will the young artist their power to produce or balance them, are of a different 

have any doubts of AC beins on the stretch, if he con- kind, and require a very different examination, 
aider whether AD can be replaced by a rope. It cannot, Seeing that the angles which the pieces make with each (General 

but AC^ may; and it is therefore not compressed, but other are of such importance to the magnitude and the expiessiun 

stretched. proportion of the excited strains, it is proper to find out of the mag 

^ In fig. 10 all the three pieces, AC, AD, and AB, are some way of readily and compendiously conceiving and ii^tude of 

ties, on the stretch. This is the complete inversion of fig. expressing this analo]^. ^^ ftraia 

8 ; and the dotted position of AC induces the same changes In ^neral the stram on any piece is proportional to the 

in the forces AF, AC, as in fig. S. strainmg force. This is evident 

' The teatler ik requested to add accents to the extreme letters D and F of fig. 3, which oorrespood to the position of the beam 
▲OD Sadkaied by the dotted lines. Accents are also wanted to the upper F and the lower C and O in fig. 9 : also to the upper F 
and lower G in fig. 10 ; and in this b should be C In fig. 11, the i towards the left should be f, and an accent is wanting over the 
upper / In fig. 18, the dotted line CK should be conUnucd upward and mariced I* In fig. 18, the letters should stand thus, A 

2x 
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For it is plain that the three pressures AE, AF, and pendicular to their touching surfaces, this balance of pres- abutting 

AG, which are exerted at the point A, are in tfie propor- sures, in framings of timbers, depends on the directions of J<»i"^ of" 

tion of the lines AE, AF, and FE (because FE is equal to their butting joints ; but it does not, as will readilj appear 8^^**' ^'^ 

AG). But because the sides of a triangle are proportion- by considering the present case. Let the joint or abut- P®*^^*^* 

al to the sines of the opposite angles, the strains are pro- ment of the two pieces BA, AD, be mitred in the usual 

portional to the sines of the angles AFE, AEF, and FAE. manner, in the direction /A/. Therefore, if Ac be drawn 

But the sine of AFE is the same with the sine of the angle perpendicular to A/ it will be the direction of the actual 

CAD, which the two pieces AC and AD make with each pressure exerted by the loaded beam BA on the beam 

other ; and the sine of AEF is the same with the sine o{ AD. But the re-action of AD, in the opposite direction 

E AD, which the straining piece B A makes with the piece A<; will not balance the pressure of BA ; because it is not 

AC. Therefore we have this analogy. Sin. CAD : Sin. in the direction precisely opposite. BA will therefore 

EAD = AE : AF,and AF=: AE x !!"' ^fS- Now the '"^^ *l^°i ^^^ '^T^ !f ^ P^f " ?"? ^}\ ^""^ ^^' ^^ '^' 

Sm. CAD presents the load on the mitre jomt A. Draw Ec perpen- 

sines of angles are most conveniently conceived as deci- dicular to Ac, and E/* parallel to it. The pressure AE will 
mal fractions of the radius, which is considered as unity. ^ balanced by the re-actions cA and /A; or, the pressure 
Thus. Sin. SO^ is the same thing with 0*5, or ^; and so AE produces the pressures Ac and Afi of which A/ must 
of others. Therefore, to have the strain on AC, arising he resisted by the beam HD, and Ac by the beam AD. 
from any load AE acting in the direction AE, multiply I'^ie pressure Af not being perpendicular to HD, cannot 
AE by the sine of EAD, and divide the product by the |>c ^ully resisted by it ; because (by our assumed principle) 
sine of CAD. it re-acts only in a direction perpendicular to its sur&ce. 

This rule shows how great the strains must be when Therefore draw^,/t, parallel to HD, and perpendicular 
the angle CAD becomes very open, approaching to 180 ^o it. The pressure A/ will be resisted by HD with the 
degrees. But when the angle CAD becomes very small, ^orce pA ; but there is required another force t'A, to pre- 
its sine (which is our divisor) is also very small ; and we ^^^^ the beam BA from slipping outwards. This must be 
should expect a very great quotient in this case also. But furnished by the re-action of the beam DA. (See Note 
we must observe, that in this case the sine of EAD is also ^^;) ^^ li^e manner, the other force Ac cannot be fully 
very small ; and this is our multiplier. In such a case, the resisted by the beam AD, or rather by the prop D, act- 
quotient cannot exceed unity. ing by the intervention of the beam ; for the action of that 
But it is unnecessary to consider the calculation by the P^'^p is exerted through the beam in the direction DA. 
tables of sines more particularly. The angles are seldom 'I^e beam AD, therefore, is pressed to the beam HD by 
known any otherwise but by drawing the figure of the ^^^ force Ac, as well as by A/. To find what this pres- 
frame of carpentry. In this case, we can always obtain sure on HD is, draw eg perpendicular to HD, and oo pa- 
the measures of the strains from the same scale, with equal mallei to it, cutting EG in r. The forces gA and oA will 
accuracy, by drawing the parallelogram AFCG. resist, and balance Ac. 
Strains Hitherto we have considered the strains excited at A Thus we see that the two forces An and Af, which are 
propagated only as they affect the pieces on which they are exerted, equivalent to AE, are equivalent also to Ap, At, Ao^ and 
t^the 3y( ^])e pieces, in order to sustain, or be subject to, any A^. But because A/ and cE are equal and panJlel, and 
P~^ strain, must be supported at their ends C and D ; and we ^^ and/t are also parallel, as also cr andjp, it is evident, 
ppwu ^^^ consider them as mere intermediums, by which these ^^^^ if is equal to rE, or to oF, and tA is equal to re, or 
strains are made to acton those points of support: There- to G^. Therefore the four forces A^, Ao, Ap, At, are 
fore AF and AG are also measures of the forces which equal to AG and AF. Therefore AG is the compression 
press or pull at C and D. Thus we learn the supports of the beam AD, or the force pressing it on D,and AF is 
which must be found for these points. These may be in- the force pressing it on the beam HD. The proportion of 
finitely various. We shall attend only to such as some- these pressures, therefore, is not affected by the form of 
how depend on the framing itself. the joint. 

Such a structure as fig. 1 1 very frequently occurs, where 'I'his remark is important ; for manjr carpenters think 
a beam BA is strongly pressed to the end of another beam the form and direction of the butting joint of great impor- 

AD, which is prevented from yielding, both because it tance ; and even the theorist, by not prosecuting the ge- 
lies on another beam HD, and because its end D is hin- neral principle through all its consequences, may be led 
dered from sliding backwards. It is indifferent from what into' an error. The form of the joint is of no importance, 
this pressure arises : we have represented it as owing to a i° && ^^^ ^ it affects the strains in the direction of the 
weight hung on at B, while B is withheld from yielding beams; but it is often of great consequence, in respect to 
by a rod or rope hooked to the wall. The beam AD may its own firmness, and the effect it may have in bruising 
be supposed at full liberty to exert all its pressure on D, the piece on which it acts, or being crippled by it 

as if it were supported on rollers lodged in the beam HD ; 1*ne same compression of AB, and the same thrust on 

but the loaded beam BA presses both on the beam AD the point D by the intervention of AD, will obtain, in^^fyam 

and on HD. We wish only to know what strain is borne whatever way the original pressure on the end A is pro-QQ ^ ^j^. ' 

by AD. duced. Thus, supposing that a cord is made fast at A, beam 

All bodies act on each other in the direction perpcndi- ^^^ pulled in the direction AE, and with the same force, 

cular to their touching surfaces ; therefore the support the beam AD will be equally compressed, and the prop D 

given by HD is in a direction perpendicular to it. We ™ust re-act with the same force. 

may therefore supply its place at A by a beam AC, per- But it often happens that the obliquity of the pressure 

pendicular to HD, and firmly supported at C. In this on AD, instead of compressing it, stretches it ; and we 

case, therefore, we may take AE, as before, to represent desire to know what tension it sustains. Of this we have 

the pressure exerted by the loaded beam, and draw EG a familiar example in a common roof. Let the two rafien 

perpendicular to AD, and EF paiallel to iu meeting the AC, AD (fig. 12), press on the tie*beam DC. We nmv 
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Carpentry, suppose the whole weight to press vertically on the ridge represented by CK ; for since the pressure CH is partly Ckiprntr? 

'*— '">r'"*^ A, as if a weight B were hung on there. (See Note CC.) withstood by the force IC, or the firmness of the beam wy-^ 

We may represent this weight by the portion Ab of the DC supported at D, the force KC will complete the ba- 

vertical or plumb line, intercepted between the ridge and lance. When we do not attend to the support at D, we 

the beam. Then drawing bf and bff parallel to AD and conceive the force Ab to be balanced by KC» or KC to be 

AC, Ag and A/ will represent the pressures on AC and balanced by Ab, And, in like manner, we may neglect 

AD. Produce AC till CH be equal to A/. The point the support or force acting at A, and consider the force 
C is forced out in this direction, and with a force repre- DO as balanced by CK. 

sented by this line. As this force is not perpendicular- Thus our frame becomes a lever, and we are able to 

ly across the beam, it evidently stretches it ; and this ex- trace the interior mechanical procedure which gives it its 

tending force must be withstood by an equal force pull- efficacy : it is by the intervention of the forces of cohesion^ 

ing it in the opposite direction. This must arise from a which connect the points to which the external forces are 

similar oblique thrust of the opposite rafter on the other applied with the supported point or fulcrum and with each 

end D. We concern ourselves only with this extension other. 

at present ; but we see that the cohesion of the beam does These strains or pressures Afr, DO, and CK, not being It becomes 

nothing but supply the balance to the extending forces, in the directions of the beams, may be called Inmitwrje. » l«v«r. 

It must still be supported externally, that it mayresistj and We see that by their means a frame of carpentry may be 

by resisting obliquely, be stretched. The points C and considered as a solid body : but the example which brought 

D are supported on the walls, which they press in the di- this to our view is too limited for explaining the efficacy 

rections CK and DO, parallel to Ab. If we draw HK which may be given to such constructions. We shall 

parallel to DC, and HI parallel to CK (that is to Ab^, therefore give a general proposition, which will more dis* 

"meeting DC produced in I, it follows from the composi- tinctly explain the procedure of nature, and enable us to 

tion of forces, that the point C would be supported by the trace the strains as they are propagated through all the 

two forces KC and IC. In like manner, making DN = parts of the most complicated frammg, finally producing 

Afff and completing the parallelogram DMNO, the point the exertion of its most distant points. 

D would be supported by the forces OD and MD. If We presume that the reader is now pretty well habitu- GenanO 

we draw go andfk parallel to DC, it is plain that they are ated to the conception of the strains as they are propagat- prop<»i 

equal to NO and CI, while Ao and An are equal to DO ed along the lines joining the points of a frame, and we ^^^^' 

and CK, and Ab is equal to the sum of DO and CK (be- shall therefore employ a very simple figure, 

cause it is equal to Ao + Ak). The weight of the roof Let the strong lines ACBD (fig. 13) represent a firame 

is equal to its vertical pressure on the walls. of carpentry. Suppose that it is pulled at the point A by 

Tnus we see, that while a pressure on A, in the direc a force acting in the direction A£, but that it rests on a 

tion A6, produces the strains A/ and Ag, on the pieces fixed point C, and that the other extreme point B is held 

AC and AD, it also excites a strain CI or DM m the back by a power which resists in the direction BF : It is 

piece DC. And this completes the mechanism of a frame ; required to determine the proportion of the strains excit- 

for all derive their efficacy from the triangles of which ed in its different parts, the proportion of the external 

they are composed, as wUl appear more clearly as we pro- pressures at A and B, and the pressure which is produced 

ceed. on the obstacle or fulcrum C. 

Ksu«;iiaI But there is more to be learned from this. The con- It is evident that each of the external forces at A and 

kotion of a sideration of the strains on the two pieces AD and AC, B tend one way, or to one side of the frame, and that each 

frame. by the action of a force at A, only snowed them as the would cause it to turn round C if the other did not pre- 

means of propagating the same strains in their own direc- vent it ; and that if, notwithstanding their action, it is 

tion to the points of support. But, by adding the strains turned neither way, the forces in actual exertion are in 

exerted in DC, we see that the frame becomes an inter- equilibrio by the intervention of the frame. It is no less 

medium, by which exertions may be made on other bodies evident that these forces concur in pressing the frame on 

in certain directions and proportions, so that this frame the prop C. Therefore, if the piece CD were away, and 

may become part of a more complicated one, and, as it if the joints C and D be perfectly flexible, the pieces CA, 

were, an element of its constitution. It is worth while to CB, would be turned round the prop C, and the pieces 

ascertain the proportion of the pressures CK and DO, AD, DB, would also turn with them, and the whole frame 

which are thus exerted on the walls. The similarity of change its form. This shows, by the way, and we desire 

triangles gives the following analogies : it to be carefully kept in mind, that the firmness or stiff- 

DO : DM = AbibD ness of framing depends entirely on the triangles bound- 

CI, or DM : CK =: Cb : Ab ed by beams which are contained in it. An open quadri- 

Therefore DO : CK = Cb : bD. lateral may always change its shape, tlie sides revolving 

Or, the pressures an the points C and D, in the dtrecHon of round the angles. A quadrilateral may have an mfinity 

tiie straining force A^, are reewrocaUy proportiondl to tie of forms, without any change of its sides, by merely push- 

porOons ofDt intercepted by Ao. ing two opposite angles towards each other, or drawing 

Also, since Ab is = DO + CK, we have them asunder. But when the three sides of a triangle 

Ab : CK == C6 + &D (or CD) : &D, and are determined, its shape is also invariably determined ; 

Ab : DO = CD : 6C. and if two angles be held fast, the third cannot be moved 

In general, any two of the three parallel forces Aft, DO, It is thus that, by inserting the bar CD, the figure be- 

CK, are to each other in the reciprocal proportion of the comes unchangeable ; and any attempt to change it by 

parts of CD, intercepted between their directions and the applying a force to an angle A, immediately excites forces 

direction of the third. of attraction or repulsion between the particles of the stuff 

And this explains a still more important office of the which form its sides. Thus it happens, in the present 

frame ADC. If one of the points, such as D, be support- instance, that a change of shape is prevented by the bar 

ed, an external power acting at A, in the direction Aft, CD. The power at A presses its end against the prop ; 

and with an intensity which may be measured by Aft, may and in doing this itputs the bar AD on the stretch, and 

be set in equilibrio with another acting at C, in the di- also the bar DB. Their places might therefore be sup- 

rectton CL, opposite to CK or A 6, and with an intensity plied by cords or metal wires. Hence it is evident that 
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fiyy*^^ DC 18 compressed, as b also AC ; and, for the same rea« the pu^lelogram Cvyz^ it is phun that the force pC is Carpentry, 

son, CB is also in a state of compression ; for either A or in equilibrio with IC and <iC. Therefore the pressures at ^"""^v*^^ 

B may be considered as the point that is impelled or with- A, C, and B are such as would balance if applied to one 

held. Therefore DA and DB are stretched, and are re- point. 

sisting with attractive forces. DC and CB are compress- Lastly, in order to determine their proportions, draw 

ed, and are resisting with repulsive forces ; and thus the CS and CR perpendicular to DA and DB. Also draw 

support of the prop, combined with the 6rmnes8 of DC, Adj B/^ perpendicular to CQ and CP ; and draw Q^, Ct, 

puts the frame ADBC into the condition of the two frames perpendicular to AE, BF. 

in fig. 8 and fig;. 9. Therefore the external force at A The trianeles CPR and BP^are similar, having a com- 

is r^ly in equilibrio with an attracting force acting in mon angle P, and a right angle at R andyi 

the direction AD, and a repulsive force acting in the In like manner, the triangles CQS and AQif are similar, 

direction AK. And since all the connecting forces are Also the triangles CHR, CGS, are similar, by reason of 

mutual and equal, the point D is pulled or drawn in the the equal angles at H and G, and the right angles at K 

direction DA. The condition of tne point B is similar to and & Hence we obtain the following analogies : 

that of A, and D is also drawn in the direction DB. Thus Co : CP = on : PB, =: CO : PB 

the point D, being urged by the forces in the directions CP: CR = PB :/B 

DA and DB, presses the beam DC on the prop, and the CR: CS =: CH: CO 

prop resists in the opposite direction. Therefore the line CS : CQ =: Ad : AQ 

be is the diagonal of the parallelogram, whose sides have CQ : CI = AQ : hi, = AQ : CH. 

the proportion of the forces which connect D with A and Therefore, by equality, 

B. This is the principle on which the rest o£ our inves- Co : C/ = Ad :/B 

tigation proceeds. We may take DC as the representa- or BO : AL = Cg iCL 

tion and measure of their joint effect. Therefore draw That is, the external forces are reciprocally proportional 

CH, CO, parallel to DA, DB» Draw HL, GO, parallel to the perpendiculars drawn from the prop on the lines of 

to C A, CB, cutting AE, BF, in L and O, and cutting DA, their direction.^ 

DB, in I and M. Complete the parallelofframs ILKA, This proposition, sufficiently general for our purpose, is Extensive 
MONB. Then DG and AI are tne equaT and opposite fertile in consequences, and furnishes many usenil instruc- ^"^ui n 
forces which connect A and D ; for GD = CH = AL tions to the artist. The strains LA, OB, C Y, that are *^^ 
In like manner DH and BM are the forces which connect excited, occur in many, we may say in all, framings of 
D and B. carpentry, whether for edifices or engines, and are the 
The external force at A is in immediate equilibrio with sources of their efficacy. It is also evident that the doc- 
the combined forces, connecting A with D and with C. trine of the transverse strength of timber is contained in 
AI is one of them, therefore AK is the other; and AL this proposition; for every piece of timber may be con- 
is the compound force with which the external force at A sidercd as an assemblage of parts, connected by forces 
is in immediate equilibrium. This external force is there- which act in the direction of the lines which joined the 
fore equal and opposite to AL. In like manner, the ex- strained points on the matter which lies between those 
Cemal force at B is equal and opposite to BO ; and AL is points, and also act on the rest of the matter, exciting 
to BO as the external force at A to the external force at those lateral forces which produce the inflexibility of the 
B. The prop C resists with forces equal to those which whole. See Strength of Materials. 
are propagated to it from the points D, A, and C. There- Thus it appears that this proposition contains the prin- 
fore it resists with forces CH, CG, equal and opposite to ciples which direct the artist to frame tlie most powerful 
DG, DH ; and it resists the compressions KA, NB, with levers; to secure uprights b^ shores or braces, or by tiers 
equal and opposite forces CA, Cn. Draw kl, no, parallel to and ropes ; to secure scaffoldings for the erection of spires ; 
AD, BD, and draw C/Q, CoP : It is plain that kCHl is a and many other more delicate problems of his art. He also 
parallelogram equal to KAIL, and that CI is equal to AL. learns from this proposition how to ascertain the strains 
In like manner Co is equal to BO. Now the forces CA, that are produceo, without his intention, by pieces which 
CH, exerted by the prop, compose the force CI; and Cn, he intended for other offices, and which, by their trans- 
CG, compose the force Co. These two forces CI, Co, are verse action, puts his work in hazard. In short, this pro- 
equal and parallel to AL and BO ; and therefore they are position is the key to the science of this art. 
equal and opposite to the external forces acting at A and We would now counsel the artist, afler he has made 
B. But they are, primitively, equal and opposite to the the tracing of the strains and thrusts through the vari- 
pressures, or at least the compounds of the pressures, ex- ous parts of a frame familiar to his mind, and even amused 
erted on the prop, by the forces propagated to C from A, himself with some complicated fiincy framings, to read 
D, and B. Therefore the pressures exerted on the prop over with care the articles Strength of Materials 
are the same as if the external forces were applied there and Roof. He will now conceive its doctrine much more 
in the same directions as they are applied to A and B. clearlv than when he was considering them as abstract 
Now if we make Cv, Cz, equal to CI and Co, and complete theones. The mutual action of the woody fibres will now 

' ^* The learned reader will perceive that this analogy is precisely the aame with that of forces which are in equilihrio bj the in- 
tervention of a lever. In fact, this whole frame of carpentry is nothing else than a huUi m framed iever in equilibno. It is acting in 
the same manner as a solid, which occupies the whole figure compressedin the frame, or as a body of anj sise and shiqie whatever thai 
wili admit the three points of application A, C, and B. It is always in equilibrio in the case mvt stated i because the pres:(ure jms 
dueed at B by a force applied to A is always such as balances it. The reader may also perceive, in this proposition, the analysis or 
tracing of tRose internal mechanical forces which are indispensably requisite for the functions of a lever. The mechanicians have been 
extremely puzzled to find a legitimate demonstration of the equilibrium of a lever ever since the days of Archimedes. Mr Viocehas 
the honour of first demonstrating, most ingeniously, the principle assumed by Archimedes, but without sufficient ground for hit de* 
monstration ; but Mr Vince's demonstration is only a putting the mind into that perplexed state which makes it acknowledge the 
proposition, but without a dear perception of its truth. The difficulty has proceeded from the abstract notion of a lever, conceiving 
it as a mathematical line — ^inflexible, without reflecting how it is inflexible ; for the very source of this indispensable quality furnishes 
the mechanical connection between the remote pressures and the fulcrum ; and this supplies the demonstration (without the least dxf. 
ficulty) of the desperate case of a straight lever urged by parallel forces." See the article Hot at i ok 
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Carpent17.be easily comprehended, and his confidence in the results der bans of fine deal, we get complete demonstration, by Carpentxy, 
^— "^v^*^ will be greatly increased. measuring the curvatures produced in the parts of the "^^^y^^ 
Decision of There is a proposition (see article Roof) which has beam thus held down, and comparing them with the cur- 
a disputed been called in auestion by several very intelligent persons ; vature of a beam simply laid on the props B and C ; and 
and very ^^^ ^y^^j g^^y ^^ Bclidor has demonstrated, in his Science there are many curious inferences to be made from these 
^cirtiorT^ d(M Ingemeurs, that a beam firmly fixed at both ends is observations, but we have not room for them in this place* 
^ ' not twice as strong as when simply lying on the props ; We may observe by the way, that we learn from this The best 
and that its strength is increased only m the proportion of case that purlins are able to carry twice the load when msnner cf 
two to three ; and they support this determination by a list notched into the rafters that they carry when mortised ^"jl"^ 
of experiments recited by Belidor, which agree precisefy into them, which is the most usual manner of framing ^^^^ 
with It Belidor also says that Pitot had the same result them. So would ihe bending joists of floors ; but this 
m his experiments. These are respectable authorities, would double the thickness of the flooring. But this method 
but Belidor*s reasoning is any thin^ but demonstration, should be followed in every possible case, such as brest 
and his experiments are described m such an imperfect summers, lintels over several pillars, &c These should 
manner that we cannot build much on them. It is not never be cut off and mortised into the sides of every up- 
said in what manner the battens were secured at the ends, right ; numberless cases will occur which show the im- 
any further than that it was by chevakts. If by this word portance of the maxim. 

is meant a trestle, we cannot conceive how they were em- We must here remark, that the proportion of the spaces 
ployed ; but we see it sometimes used for a wedge or key BC and CM, or BC and LB, has a very sensible effect on 
If the battens were wedged in the holes, their resistance the strength of the beam BC ; but we nave not yet satis- 
to fracture may be made what we please ; they may be fied our minds as to the rctdonale of this effect It is un- 
made loose, and therefore resist little more than when doubtedly connected with the serpentine form of the curve 
simply laid on props. They may be (and probably were) of the beam before fracture. This should be attended 
wedged very fast, and bruised or crippled. to in the construction of the springs of carriages. These 
Our proposition mentioned distinctly the security given are frequently supported at the middle point (and it is an 
to the ends of the beams. They were mortised mto re- excellent practice) ; and there is a certain proportion 
mote posts. Our precise meaning was, that they were which will give the easiest motion to the body of the ear- 
simply kept flrom rising by these mortises, but at full li- riage. We also thmk that it is connected with that de- 
berty to bend up at E and I, and between 6 and K. Our viation from the best theory observable in Buffon's expe- 
assertion was not made from theory alone (although we riments on various lengths of the same scantling. The 
think the reasoning incontrovertible), but was agreeable force of the beams dimmished much more than in the in- 
to numerous experiments made in those precise circum- verse proportion of their lengths. 

stances. Had we mortised the beams firmly into two We have seen that it depends entirely on the position In what 
very stout posts which could not be drawn nearer to each of the pieces in respect of their points of ultimate supportyCue ties 
other by blending, the beam would have borne a much and of the direction of the esftemal force which produces ^ better 
greater we^ht, as we have verified by experiments. We the strains, whether any particular piece is in a state of ^'"^'^^^^ 
hope that the following mode of conceiving this case will extension or of compression. The knowledge of this cir* 
remove all doubts. cumstance may greatly influence us in the choice of the 
Let LM be a long beam (fig. 14) divided into six equal construction. In many cases we may substitute slender 
parts, in the points D, B, A, C, E« Let it be firmly sup- iron rods for massive beams, when the piece is to act the 
ported at L, B, C, M. Let it be cut through at A, and part of a tie. But we must not invert this disposition ; 
have compass joints at B and C. Let FB, GC, be two for when a piece of timber acts as a strut, and is in a state 
equal uprights, resting on B and C, but without any connec- of compression, it is next to certain that it is not equally 
tion. Let AH be a similar and equal piece, to be occa- compressible in its opposite sides through the whole length 
sionally applied at the seam A. Now let a thread or wire of the piece, and that the compressing force on the abut- 
AGE be extended over the piece GC, and made fiist at ting jomt is not acting in the most equable manner all 
A, G, and E. Let the same thing be done on the other over the joint A very trifline inequality in either of 
side of A. If a weight be now laid on at A, the wires these circumstances (especially m the first} will compress 
AFD, AGE, will be strained, and may be broken. In the the beam more on one side than on the other. This can- 
instant of fracture we may suppose their strains to be re- not be without the beam's bending, and becoming concave 
presented by A/ and A^. Complete the parallelogram, on that side on which it is most conipressed. When this 
and Aa is the magnitude of the weight It is plain that happens, the frame is in danger of^ being crushed, and 
nothing is concerned here but the cohesion of the wires ; soon going to ruin. It is, therefore, indispensably neces- 
for the beam is sawed through at A, and its parts are per- sary to make use of beams in all cases where struts are 
fectly movable round B and C. required of considerable length, rather than of metal rods 
Instead of this process, apply the piece AH below A, of slender dimensions, unless in situations where we can. 
and keep it there by straining the same wire BHC over it effectually prevent their bending, as in trussing a girder 
Now lay on a weight It must press down the ends of internally, where a cast-iron strut may be firmly cased in 
BA and CA, and cause the piece AH to strain the wire it, so as not to bend in the smallest degree. In cases 
BHC. In the instant of fracture of M0 $a$ne wire, its re- where the pressures are enormous, as in the very oblique 
sistances H^ and He must be equal to A/ and A^, and struts of a centre or arch frame, we must be particularh 
the weight hH which breaks them must be equal to Ao. cautious to do nothing which can fitcilitate the compres- 
Lastly, employ all the three pieces FB, AH, GC, with sion of either side. No mortises should be cut near to 
the same wire attached as before. There can be no doubt one side ; no lateral pressures, even the slightest, should 
but that the weight which breaks all the four wires must be allowed to touch it We have seen a pillar of fir twelve 
be = aA + AH, or twice A^ inches long, and one inch in section, when loaded with 
The reader cannot but see that the wires perform the three tons, snap in an instant when pressed on one side 
very same office with the fibres of an entire beam LM held by sixteen pounds, while another bore four and a half tons 
fast in the four holes D, B, C, and £, of some upright posts, without hurt, because it was inclosed (loosely) in a stout 
In the exoeriments for verifying this, by brealong slen- pipe of iron. (See Note DD.) 
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Carpentry. In such cases of enormous compression it is of great The strain on the middle point C» occasioned bv a load Car|«ntf j 

%-*->^^^ importance that the compressing force bear equally on the uniformly distributed over the whole beam^ is the same *— ^v-^*** 

whole abutting surface. The German carpenters are ac- which half that load would produce if laid on at C. 

customed to put a plate of lead over the jomt This pre- 7. A beam supported at both ends, on two props B and 

vents, in some measure, the penetration of the end fibres. C (fig. 14), will carry twice as much when the ends be- 

M. Perronet, the celebrated French architect, formed his yond the props are kept from rising, as it will carry when 

abutments into arches of circles, the centre of which was it rests loosely on the props. 

the remote end of the strut- By this contrivance the un- 8. Lastly, the transverse strain on any section, occa- 

avoidable change of form of the triangle made no partial sioned by a force applied obliquely, is dimmished in the 

bearing of either angle of the abutment. This always has proportion of the sine of the angle which the direction of 

a tendency to splinter off the heel of ahe beam where it the force makes with the beam. Thus, if it be inclined to 

presses strongest. It is a very judicious practice. (See it in an angle of thirty degrees, the strain is one half of 

Note £E.) the strain occasioned by the same force acting perpendi- 

When circumstances allow it, we must rather employ cularly. 
ties than struts for securing a beam against lateral strains. On the other hand, the relati V£ strenoth of a beam. 
When an upright pillar, such as a flag-staff, a mast, or the or its power in any particular section to re^st any transverse 
uprights of a very tall scaffolding, are to be shoared up, strain, is proporUonal to the absolute cohesion to the see- 
the dependence is more certain on those braces that are tion directly, to the distance of ite centre of effort from the 
stretched by the strain than oti those which are compress- axis of fracture directly, and to the distance from the 
ed. The scaffolding of the iron bridge near Sunderland strained point inversely. 

had some ties very judiciously disposed, and others with Thus, m a rectangular section of the beam, of which b 

less judgment. i* the breadth, d the depth (that is, the dimension in the 

We should proceed to consider the transverse strains direction of the straining force), measured in inches, and/ 

as they affect the various parts of a frame of carpentry ; the number of pounds whidi one square inch will just 

but we have very little to say here in addition to what support without being torn asunder, wemust have/ X^XcP, 

will be found in the articles Strength of Materials proportional to «> X CB (fig. 15). Or,/ X 6 X <^, mul- 

and Roof. What we shall add in this article will find tiplied by some number m, depending on the nature of the 

a place in our occasional remarks on different works. It timber, must be equal low X CB. Or, in the case of 

may, however, be of use to recal to the reader's memory the section C of fig. 16, that is strained by the force w ap' 

the following propositions. i- j ^ ^^ *. u ^ -«ljb ^ ACXDB 

General L When I Beam AB (fig. 15) is firmly fixed at the end P»»«d ^t D, we must have m X/IhP =: w X -^g— - 

theorenn A, and a straining force acU perpendicularly to its length Thus, if the beam is of sound oak, m is very nearly 

concerning at any point B, the strain occasioned at any section C be- _. i (gee Strength of Materials, No. 116.) There- 

• '^iJu rtween B and A is proportional to CB, and may therefore ** y»J9 AT v TR 

HIJ^ ^V represented by the product w X CB ; that is, by the fore we have i|L = u^ x Vl"^ . (See Note FF.) 

product of the number of tons, pounds, &c which measure „ ^ n .u • r u« u 

the straining force, and the number of feet, inches, &c . "^i^^^ ^f «*" te» the precise force w which any sec 

contained in CB. As the loads on a beam are easily con- ^'^^ ^ can just resist when that force is applied m any 

ceived. we shall substitute this for anyother straining force. ""^Y whatever; for the above-menUoned formula gives 

2. If the strain or load is uniformly distributed along y, =^^ for the case represented by fig. 15. But the 

any part of the beam lying beyond C (tliat is, farther from 9CB . . ^ 

A), the strain at C is the same as if the load were all col- case represented m fig. 16, having the strammeforce ^- 

lected at the middle point of that part ; for that point is j.^ ^ ^ j^^^ ^ ^^^.^ ^^ ^ (_ ^^ _. ^ if^Jnu - 

the centre of gravity o£ the load. *^ ® \ / j g^Q ^ CB 

S. The strain on any*section D of a beam AB (fig. 16) Example. Let an oak beam, four inches square, rest 

^ , A J D • w ^^ ^ ^^ freely on the props A and B, seven feet apart, or eighty- 

restmg freely on two props A and B. is w X —j^ . ^^^ -^^^^^ ^^^^ ^^i^l^^ ^j,l -^ j^g^ gupport at iu mid- 

(See Roof, No. 19, and Strength of Materials, No. f^e Point C, onthe supposition that a sqiaure mch rod will 

d2, &c) Therefore, J"«^ "^'Y ^^^ P^""**** '^ °f fi^'^v I v ifi v ftA 

4. The strain on the middle point, by a force applied Xhe formula becomes w = ^^^^^ x ^ x id xo^^ 
there, is one fourth of the strain which the same force 9 X 42 X 42 

would produce if applied to one end of a beam of the ^^ ^ _ ?^^, = 5418 pounds. This is very near 

same length having the other end fixed. ^ 15876 ^ •' 

5. The strain on any section C of abeam, resting on two what was employed in Bufibn's ezperimenty which was 
props A and B, occasioned by a force applied perpendicu- 5312. 

larly to another point D, is proportional to the rectangle Had the straining force acted on a point D, half way 

^ , ^ . . 1 ^ v^ AC X DB between C and B, the force sufficient to break tlie beam 

of the exterior segments, or is equal to to X — j-^ — . 16000 X 4 X 16 X 84 

Therefore, '* ^ ^""''* ^ = 9 X 42 X 2 1 = ***^ ^ 

The strain at C occasioned by the pressure on D is the Had the beam been sound red fir, we must have taken 

same with the strain at D occasionea by the same pres* / = 10,000 nearly, and m nearly 8 ; for altliough fir be 

sure on C. less cohesive than oak in the proportion of five to eight 

6. The strain on any section D, occasioned by a load nearly, it is less compressible, and its axis of fracture b 
uniformly diffused over any part EF, is the same as if the therefore nearer to the concave side. 

two parts ED, DF, of the load were collected at their mid- Having considered at sufficient length the strains of Of joint 

dlepoints e andyi Therefore, different kinds which arise from the form of the parts of a 

Tne strain on any part D, occasioned by a load uniform- frame of carpentry, and the direction of the external forces 

iy distributed over U)e whole beam, is one half of the strain which act on it, whether considered as unpelling or as 

that is produced when the same load is laid on at D ; and supporting its different parts, we must now proceed to con 
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Carpentry. Bider the means by which this form is to be secured, and different way. In this situation, if the loads on the annsCar|«iitrv. 
^^"^'^V*^^ the connections by which those strains are excited and are also applied to the upper side, the joggled beam is ^^Sr^^^ 
communicated. still more superior to the scarfed one. This will be best 
The joinings practised in carpentry are almost infinite- understood by resolving it in imagination into a trussed 
ly various, and each has advantages which make it prefer- frame. But when a gudgeon is thus put on that side of 
able in some circumstances. Many varieties are employed the lever which grows convex by the strain, it is usual to 
merely to please the eye. We do not concern ourselves connect it with Sie rest by a powerful strap, which em- 
with these : nor shall we consider those which are only braces the beam, and causes the opposite pomt to become 
employed in connecting small works, and can never appear the resisting point. This greatly changes the internal ae- 
on a great scale ; yet even in some of these, the skill of tions of the filaments, and in some measure brings it into 
the carpenter may be discovered by his choice ; for in all the same state as the first, with the gudgeon below. Were 
cases, it is wise to make every, even the smallest, part of it possible to have the gudgeon on the upper side, and to 
his work as strong as the materials will admit. He will bring the whole into action without a strap, it would be 
be particularly attentive to the changes which will neces- the strongest of all ; because in general the resistance to 
sardv happen by the shrinking of timber as it dries, and will compression is greater than to extension. In every situa- 
consider what dimensions of his framings will be affected tion the joggled beam has the advantage, and it is the 
by this, and what will not ; and will then dispose the pieces easiest executed. (See Note 66.) 
which are less essential to the strength of the whole, in We may frequently gain a considerable accession of 
such a manner that their tendency to shrink shall be in strength by this building up of a beam, especially if the 
the same direction with the shrinking of the whole fram- part which is stretched by the strain be of^ oak, and the 
ing. If he do otherwise, the seams will widen, and parts other part be fir. Fu^ being so much superior to oak 
wfll be split asunder. He will dispose his boardings in as a pillar (if Muschenbroeck s experiments may be con- 
such a manner as to contribute to the stiffness of the whole, fided in), and oak so much preferable as a tie, this con- 
avoiding at the same time the giving them positions which struction seems to unite both advantages. But we shall 
will produce lateral strains on truss beams which bear see much better methods of making powerful levers, gir- 
great pressures ; recollecting, that although a single board ders, &c. by trussing. 

has little force, yet many united have a great deal, and Observe that the efficacy of both methods depends en- 
may freauently perform the office of very powerful struts, tirely on the difficulty of causing the piece between the 
Our hmits confine us to the joinings which are most cross joints to slide dong the timber to which it adheres, 
essential for connecting the parts of a single piece of a Therefore, if this be moderate, it is wrong to make the 
frame when it cannot be formed of one beam, either for notches deep ; for as soon as they are so deep that their 
want of tlie necessary thickness or length ; and the joints ends have a force sufficient to push the slice along the 
for connecting the different sides of a trussed frame. line of junction, nothing is gained by making them deeper ; 
(>f building Much ingenuity and contrivance has been bestowed on and this requires a greater expenditure of timber, 
•jp beams, the manner of building up a great beam of many thick- Scarfings are frequently made oblique, as in fig. 18 ; 
nesses, and vaanj singular methods are practised as great but we imagine that this is a bad practice. It begins to 
nostrums by different artists ; but when we consider the yield at a point where the wood is crippled and splintered 
manner in which tlie cohesion of the fibres performs its off, or at least bruised out a little. As the pressure in- 
office, we will clearly see that the simplest are equally creases, this part, by squeezing broader, causes the solid 
effected with tlie most refined, and that they are less apt parts to rise a little upwards, and gives them some ten- 
to lead us into false notions of the strength of the as- dency, not only to push their antagonists along the base, 
semblage. but even to tear them up a little. For similar reasons, we 
Building Thus, were it required to build up a beam for a great disapprove of the favourite practice of many artists to 
up a girder lever or a girder, so that it may act nearly as a beam of make the angles of their scarfings acute, as in fig. 19. 
or lever. ^^ same size of oneloff, it may either be done by plain jog- This often causes the two pieces to tear each other up 
gling,as in Plate LII. fig. 17, A, or by scarfing, as in fig. The abutments should always be perpendicular to the di- 
Joraling 17, B or C. If it is to act as a lever, having the gudgeon rections of the pressures. Lest it should be forgotten in 
P^*^"J^ on the lower side at C, we believe that most artists will its proper place, we may extend this injunction also to 
tofcarfing. pp^f^f ii^q fQfm 3 ^q^ q, h^ |ggg^ i\^[^ ji^g ]}een the case the abutments of different pieces of a frame, and recom- 

with nine tenths of those to whom we have proposed the mend it to the artist even to attend to the shrinking of 

3uestion. The best informed only hesitated ; but the or- the timbers by drving. When two timbers abut obliquely, 

inary artists were all confident in its superiority, and we the joint should be most full at the obtuse angle of tlie 

found their views of the matter very coincident. They end ; because, by drying, that angle grows more obtuse, 

considered the upper piece as grasping the lower in its and the beam would then be in danger of splintering off 

hooks ; and several imagined, that by driving the one very at the acute angle. 

tight on the other, the beam would be stronger than an It is evident that the nicest work is indispensably ne-We must 

entire log; but if we attend carefully to the internal pro- cessary in building up a beam. The parts must abut on not weHge 

cedure in the loaded lever, we shall find the upper one each other completely, and the smallest play or void takes ^^ ^^"^ 

clearly the strongest. If they are formed of equal logs, away the whole efficacy. It is usual to give the butting 

the upper one is thicker than the other by the depth of joints a small taper to one side of the beam, so that they 

the joggling or scarfing, which we suppose to be the same may require moderate blows of a maul to force them in ; 

in both ; consequently, if the cohesion of the fibres in and the joints may be perfectly close when the external 

the intervals is able to bring the uppermost filaments into surfaces are even on each side of tlie beam. But we must 

full actioDy the form A is stronger ttian B, in the propor- not exceed in the least degree, for a very taper wedge • 

tion of the greater distance of the upper filaments from has great force ; and if we have driven the pieces toge- 

the axis of the fracture. This may be greater than the ther by very heavy blows, we leave the whole in a state 

difference of the thickness if the wood is very compres- of violent strain, and the abutments are perhaps ready to 

sible. If the gudseon be in the middle, the effect, both of splinter off by a small addition of pressure. Iliis is like 

the j<^l^ ttnd the scarfing, is considerably dindnished ; too severe a proof for artillery ; which, tliough not suffi- 

and ifit is on the upper side the scarfings act in a very cient to burst the piecesy has weakened them to such a 
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Carpentry, degreci that the strain of ordinary service is sufficient to both sh'des, and obliges every part of both pieces to moveCupenirv 

'"^•^^^"^^ complete the fracture. The workman is tempted to ex- together, ah and c</ show sections of the built-up beam ^■■*^<"^"*^ 

ceed in this, because it smooths off and conceals all un- corresponding to AB and CD. 

even seams ; but he must be watched. It is not unusual No more is intended in this practice by any intelligent 
to leave some abutments open enough to admit a thin artist, than the causing the two pieces to act together in 
wedge reaching through the beam. Nor is this a bad all their parts, although the strains may be unequally dis- 
practice, if the wedge is of material which is not com- tributed on them. Thus, in a built-up girder, the binding 
pressed by the driving or the strain of service. Iron would joists are frequently mortised into very different parts of 
be preferable for this purpose, and for the joggles, were it the two sides. But many seem to aim at making the beam 
not that, by its too great hardness, it cripples the fibres stronger than if it were of one piece ; and this inconsider- 
of timber to some distance. In consequence of this it ate project has given rise to many whimsical modes of ta- 
often happens, that in beams which are subjected to de- bling and scarfing, which we need not regard, 
sultory and sudden strains (as in the levers of reciprocat- l^e practice in the British dock-yards is somewhat dif- British mo. 
tng engines), the joggles or wedges widen the holes, and ferent from any of these methods. The pieces are tabled ^^' 
work themselves loose ; tlierefore skilful engineers never as in fig. 22, but the tables are not thin parallelepipeds, 
admit them, and indeed as few bolts as possible, for the but thin prisms. The two outward joints or visible seams 
same reason ; but when resisting a steady or dead pull, are straight lines, and the table No. 1 rises gradually to 
they are not so improper, and are frequently used. its greatest thickness in the axis. In like manner, the 
Beams are built up, not only to increase their dimen- hollow, 5, for receiving the opposite table, sinks gradually 
slons in the direction of the strain (which we have hither- from the edge to its greatest depth in the axis. Y\^. 23, 
to called their depth), but also to mcrease their breadth, No. I, represents a section of a round piece of timber 
or the dimensions perpendicular to the strain. We some- built up m this way, where the full line EFGH is the 
times double the breadth of a girder which is thought too section corresponding to AB of fig. 22, and the dotted 
weak for its load, and where we must not increase the line E6FH is the section corresponding to CD. 
thickness of the flooring. This construction, by making the external seam straight, 
Building The mast of a great ship of war must be made bigger leaves no lodgment for wAtor, and looks much fairer to the 
tf ouaui. athwartship, as well as fore and afl. This is one of the eye ; but it appears to us that it does not gpive so firm a 
nicest problems of the art ; and professional men are by hold when the mast is bent in the direction EH. The 
no means agreed in their opinions about it. We do not exterior parts are most stretched and most compressed by 
presume to decide, and shsJl content ourselves with exhi- this bending ; but there is hardly any abutment in the ex- 
biting the different methods. terior parts of these tables. In the very axis, where the 
The most obvious and natural method is that shown in abutment is the firmest, there is little or no difference of 
fie. 20. It is plain that (independent of the connection extension and compression. 

of cross bolts, which are used m them all when the beams But this construction has an advantage, which, we ima- 
are square) the piece C cannot bend in the direction of gine, much more than compensates for these imperfec- 
the plane of the figure without bending the piece D along tions, at least in the particular case of a round mast ; it 
Metbod ^1^ It. This method is much used in the French navy ; will draw together by hooping incomparably better than 
used in tke but it is undoubtedly imperfect. Hardly any two great any of the others. If the cavity be made somewhat too 
Preuch' trees are of equal quality, and swell or shrink alike. If shallow for the prominence of the tables, and if this be 
''^V* C shrinks more than D, the feather of C becomes loose in done uniformly along the whole length, it will make a 
the groove wrought in D to receive it ; and when the somewhat open seam ; and this opening can be regulated 
beam bends, the parts can slide on each other like the with the utmost exactness from end to end by the plane, 
plates of a coach-spring ; and if the bending is in the di- The heart of those vast trunks is very sensibly softer than 
rection ef, there is nothing to hinder this sliding but the the exterior circles ; therefore, when the whole is hooped, 
bolts, which soon work themselves loose in the bolt-holes, and the hoops hard driven, and at considerable intervals 
Another ^* ^^ exhibits another method. The two halves of between each spell, we are confident that all may be com- 
niethod. the beam are tabled into each other in the same manner pressed till the seam disappears ; and then the whole 
as in fig. 17. It is plain that this will not be affected by makes one piece, mudi stronger than if it were an original 
the unequal swelling or shrinking, because this is insen- log of that size, because the middle has become, by com- 
sible in the direction of the fibres ; but when bent in the pression, as solid as the crust, which was naturally firmer, 
direction a 6, the beam is weaker than fig. 20 bent in tlie and resisted farther compression. We verified this be- 
direction efi Each half of fig. 20 has, in every part of its yond a doubt by hooping a built stick of a timber which 
length, a tnickness greater than half the thicxness of the has this inequality of firmness in a remarkable degree, and 
beam. It is the contrary in the alternate portions of the it was nearly twice as strong as another of the same size, 
halves of fig. 21. When one of them is bent in the di- Our mast-makers are not without their fancies and whims; 
rection AB, it is plain that it drags the other with it by and the manner in which our masts and yards are gene- 
means of Uie cross butments of its tables, and there can rally built up is not near so simple as fig. 23 ; but it con- 
be no longitudinal sliding. But unless the work is accu- sists of the same essential parts, acting in the very same 
rately executed, and each hollow completely filled up by manner, and derives all its efficacy from the principles 
the table of the other piece, there will be a lateral slide which are here employed. 

along the cross joints sufficient to compensate for the cur- This construction is particularly suited to the situation Attaiukd 
vature; and this will hinder the one from compressing or and office of a ship's mast It has no bolts; or, at least, wiili peci^ 
stretching the other in conformity to this curvature. none of any magnitude, or that make very important parts ^^ adr&o. 
(ts impec- The imperfection of this method is so obvious that it of its construction. The most violent strains peniaps^''^^ 
fection. has seldom been practised ; but it has been combined that it is exposed to, is that of twisting, when the lower 
with the other, as is represented in fig. 22, where the yards are close braced up bv the force of many men act- 
beams are divided along the middle, and the tables in mg by a long lever. This rorm resists a twist with pecu- 
each half are alternate, and alternate also with the tables liar energy ; it is therefore an excellent method for build- 
of the other half. Thus 1, S, 4, are prominent, and 5, 2, 6, ing up li great shaft for a mill. The way in which they 
are depressed. This construction evidently puts a stop to are usually built up is by reducing a central bg to a poly* 
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Caipe nUjr.gonal prism, and then filling it up to the intended 8ize%y None of these scarfed tie-beams can have more than Carpentry. 

'^"^^f^'^ phniinff pieces of timber along its sides, either spiking one third of the strength of an enUre piece, unless with V^^/*^ 

them down, or cicking them into it by a feather, or jog- the assistance of iron plates ; for if the key be made thin- 

cling them by slips of hard wood sunk into the central ner than one third, it has less than one third of the fibres 

log and into the slips. iVJ9. Joggles of elm are sometimes to pull by. 

used in the middle of the large tables of masts ; and when We are confident, therefore, that when the heads of the 

sunk into the firm wood near the surface, they must con- bolts are connected by plates, the simple form of fig 24>, 

tribute much to the strength. But it is very necessary to No. 1, is stronger than those more ingenious scarfings. It 

employ wood not much harder than the pine, otherwise it may be strengthened against lateral bending by a little 

wilt soon enlarge its bed, and become loose, for the tim- tongue, or by a sally, but cannot have both, 

ber of these large trunks is very soft. The strongest of all methods of piecing a tie-beam 

The most general reason for piecing a beam is to in- would be to set the parts end to end, and grasp them be- 

crease its length. This is frequently necessary, in order tween other pieces on each side, as in fig. 27, Plate LIII«— 

to procive tie-beams for venr wide roofs. Two pieces This is what the ship-carpenter calls JuAtii^ a beam, andplBbing 

must be scarfed together. Numberless are the modes of is a frequent practice for occasional repairs. M. PerroneCb«a>m. 

doinff this, and almost every master carpenter has his fa- used it for the tie-beams or stretchers, by which he con- 

vounte nostrum. Some of them are very ingenious ; but nected the opposite feet of a centre, which was yielding 

here, as in other cases, the most simple are commonly to its load, and had pushed aside one of the piers above 

Vai-ious the strongest. We do not imagine that any, the most in- four inches. Six of these not only withstood a strain ot 

methods ofgenious, is equally strong with a tie consisting of two 1800 tons, but, by wedging behind them, he brought the 

scarfing, pieces of the same scantline laid over each oUier for a feet of the truss 2^ indies nearer. The stretchers were 

certain length, and firmly bolted together. We acknow- 14 inches by 11 of sound oak, and could have withstood 

ledge that this will appear an artless and clumsy tie-beam, three times that strain. M. Perronet, fearing that the 

but we only say that it will be stronger than any that is great length of the bolts employed to connect the beams 

more artificially made up of the same thickness of timber, of these stretchers would expose them to the risk of bend- 

This, we imagine, will appear sufficiently certain. ing, scarfed the two side pieces into the middle piece. 

The simplest and most obvious scarfing, after the one The scarfing was of the triangular kind ( Trait de Jupiiier)^ 

now mentioned, is that represented in fig. 24, No. 1 and 2. and only an inch deep, each face being two feet long, and 

If considered merely as two pieces of wood joined, it is the bolt passed through close to the angle, 

plain that, as a tie, it has but half the strength of an en- In piecing the pump-rods and other wooden stretchers 

tire piece, supposing that the bolts (which are the only of great engines, no dependence is had on scarfing; and 

connections) are fast in their holes. No. 2 requires a the engineer connects every thing by iron streps. We 

bolt in the middle of the scarf to give it that strength, doubt the propriety of this, at least in cases where the 

and in every other part is weaker on one side or the ower. bulk of the wooden connection is not inconvenient. These 

(See Note HH.) observations must suffice for the methods employed for 

But the bolts are very apt to bend by the violent strain, connecting the parts of a beam ; and we now proceed to 

and require to be strengthened by uniting their ends by consider what are more usually called the joints of a piece 

iron plates ; in which case it is no longer a wooden tie. of carpentry. 

The form of No. 1 is better adapted to the office of a pil- Where the beams stand square with each other, and thesqoare 

lar than No. 2, especially if its ends be formed in the strains are also square with tiie beams, and in the plane of joints, 

manner shown in the elevation No. 3. By the sally given the frame, the common mortise and tenon is the most per- 

to the ends, the scarf resists an effort to bend it in that feet junction. A pin is generally put through both, in 

direction. Besides, the form of No. 2 is unsuitable for a order to keep the pieces united, in opposition to any force 

post ; because the pieces, by sliding on each other by the which tends to part them. Every carpenter knows how 

pressure, are apt to splinter off the tongue which confines to bore the hole for this pin, so that it shall draw the te- 

their extremity. non tight into the mortise, and cause the shoulder to butt 

Fiff. 25 and 26 exhibit the most approved form of a close, and make neat work; and he knows the risk of tear- 

scarC whether for. a tie or for a post. Ine key represent- ing out the bit of the tenon beyond the pin, if he draw it 

ed in the middle is not essentially necessary ; the two too much. We may lust observe, that square holes and 

pieces might simply meet square there. This form, with- pins are much preferable to round ones for this purpose, 

out a key, needs no bolts (although they strengthen it bringing more of the wood into action, with less tendency 

greatly) ; but, if worked very true and close, and with to split it. The ship-car])cnter6 have an ingenious method Fox-taU 

square abutments, will hold together, and will resist bend- of makitig lone wooden bolts, which do not pass complete- wedging, 

ing in any direction. But the key is an ingenious and a ly throu^, take a very fast hold, though not nicely fitted 

very great improvement, and will force the parts together to their holes, which they must not be, lest they should be 

with perfect tightness. The same precaution must be ob- crippled in driving. They call it fox'tail wedffing. They 

served that we mentioned on another occasion, not to pro- stick into the point of the bolt a very thin wedge of hard 

duce a constant internal strain on the parts by overdriv- wood, so as to project a proper distance ; when this reaches 

ing the key. The form of fig. 25 is by far the best ; be- the bottom of the hole by driving the bolt, it splits the 

cause the triangle of 26 is much easier splintered off by end of it, and squeezes it hard to the side. This may be 

the strain, or by the key, than the square wood of 25. It practised with advantage in carpentry. If the ends of the 

is far preferable for a post, for the reason given when mortise are widened inwards, and a thin wedge be put into 

speaking of fig. 24, No. 1 and No. 2. Both may be form- the end of the tenon, it will have the same effect, and 

cd with a sally at the ends equal to the breadth of the k^« make the joint equal to a dove-taiL But this risks the 

In this shape ^g. 25 is vastly well suited for joining the splitting the piece beyond the shoulder of the tenon, which 

^rtt of the long comer posts of spires and other wooden would be unsightly. This may be avoided as follows : Let 

towers. Fig. 25, No. 2, differe from No. 1 only by having the tenon T, fi^. 28, have two tmy thin wedges a and e 

three keys. The principal and the longitudinal strengtn struck in near its angles, projecting equally ; at a very 

are the same. The long scarf of No. 2, tightened by the small distance within these, put in two snorter ones 6, d^ 

Uiree keys, enables it to resist a bending much better. and more within these if necessary. In drivmg thia tenon* 

2 F 
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Carpentry, the wedges a and e will take first, and split off a thin slice, t^ will shade out along the surface of the beam. It iscarpentrr- 

^^■^V^^ which will easily bend without breaking. The wedges b, therefore necessary to call in the assistance of the whnlov^ ^ 'j 

d^ will act next, and have a similar effect, and the others rafler. It is in this distribution of the strain among the 

in succession. The thickness of all the wedges taken to- various abutting parts that the varieties of joints and their 

gether must be equal to the enlargement of the mortise merits chiefly consist. It would be endless to describe 

towards the bottom. every nostrum, and we shall only mention a few that are 

When the strain is transverse to the plane of the two most generally approved of. 
beams, the principles laid down in No. 85, 86, of the The aim in fig. SI is to make the abutments exactlyMost ap. 
article Strength of Materials, will direct the artist perpendicular to the thrusts. (See Note CC.) It doesproved 
in placing his mortise. Thus the mortise in a girder for this very precisely; and the share which the tenon andf<^""- 
receiving the tenon of a binding joist of a floor should be the shoulder have of the whole may be what we please, 
as near the upper side as possible, because the girder be« by the portion of the beam that we notch down. If the 
eomes concave on that side by the strain. But as this ex- wall-plate lie duly before the heel of the rafter, there is 
poses the tenon of the binding-joist to the risk of being no risk of straining the tie across or breaking it, because 
torn off, we are obliged to mortise farther down. The the thrust is made to direct to that point where the beam 
form (^g. 29) generally given to this joint is extremely is supported. The action is the same as against the 
judicious. The sloping part a h gives a very firm support joggle on the head or foot of a king-post. We have no 
to the additional bearing e d^ without much weakening of doubt but that this is a very effectual joint It is not, 
the girder. This form should be copied in every case however, much practised. It is said that the slopmg seam 
where the strain has a similar direction. at the shoulder lodges water ; but the great reason seems 
Obllqae The joint that most of all demands the careful attention to be a secret notion that it weakens the tie-beam. If 
mortlM of the artist, is that which connects the ends of beams, we consider the direction in which it acts as a tie, we 
and tenon. ^^^ ^ whidi pushes the other very obliquely, putting it must acknowledge that this form takes the best method 
into a state of extension. The most familiar instance of for bringing the whole of it into action, 
this is the foot of a rafter pressing on the tie-beam, and Fig. 32 exhibits a form that is more general, but cer- 
thereby drawing it away from the other wall. When the tainly worse. Such part of the thrust as is not borne by 
direction is very oblique (in which case the extending the tenon acts obliquely on the joint of the shoulder, 
strain is the greatest), it is difficult to give the foot of the and gives the whole a tendency to rise up and slide out- 
rafter such a hold of the tie-beam as to bring many of its ward. 

fibres into the proper action. There would be little diffi- The shoulder joint is sometimes formed like the dotted 

culty if we could allow the end of the tie-beam to project line (d)edefg of ^g, 32. This is much more agreeable to 

to a small distance beyond the foot of the rafter; but, in* the true principle, and would be a verr perfect method, 

deed, the dimensions which are given to tie-beams for were it not that the intervals hd and dt are so shor that 

other reasons, are always sufficient to give enough oi abut- the little wooden triangles bed^ def^ will be easily pushed 

ment when judiciously employed. Unfortunately this off their bases bd^ df. 

joint is much exposed to fiulure by the effects of the wea- Fig. 33, No. 1, seems to have the roost general appro- 
ther. It is much exposed, and frequently perishes by rot, bation. It is the joint recommended by Price, and copied 
or becomes so soft and friable that a very small force is into all books of carpentry as the tmt joini fo * a rafter 
sufficient either for pulling the filaments out of the tie- foot. The visible shoulder-ioint is flush with the upper 
beam, or for crushing them together. We are therefore surface of the tie-beam. The angle of the tenon at the 
obliged to secure it with particular attention, and to avail tie nearly bisects the obtuse angle forn^d by the rafter 
ourselves of every circumstance of construction. and the beam, and is therefore somewhat oblique to the 
One is naturally disposed to give the rafter a deep hold thrust. The inner shoulder ae is nearly perpendicular to 
by a long tenon ; but it has been frequently observed in bd* The lower angle of the tenon is cut off horizontally, 
old roofs that such tenons break off. frequently they are as at ed Fig. 34 is a section of the beam and rafter foot, 
observed to tear up. the wood that is above them, and push showing the different shoulders. - 
their waj through the end of the tie-beam. This in all We do not perceive the peculiar merit of this joint 
probability arises firom the first suging of the roof, by the The effect of the three oblique abutments, ab^ae^ed^'n 
compression of the rafters and of the head of the kine-post. undoubtedly to make the whole bear on the outer end of 
Hie head of the rafter descends ; the angle with the tie- the mortise, and there is no other part of the tie-beam 
beam is diminished by the rafter revolving round its step that makes immediate resistance* Its only advanta^ 
in the tie-beam* By this motion the heel or inner angle over a tenon extending in the direction of the thrust is, 
of the rafter becomes a fulcrum to a very long and power- that it will not tear up the wood above it Had the inner 
fill lever much loaded. The tenon is the other arm, very shoulder had the form ect, having its face ic perpendicular, 
short ; and being still fresh, it is therefore very powerful, it would certainly have acted more powmiully in stretch- 
It therefore forces up the wood that is above it, tearing ing many filaments of the tie-beam, and would have had 
it out from betweoi the cheeks of the mortise, and then much Irss tendency to force out the end of the mortise. 

f>ushes it along. Carpenters have therefore given up The little bit d would have prevented the sliding upwards 

ong tenmis, and give to the toe of the tenon a shape which along ee. At any rate, the joint ab being flush with the 

abuts firmly, in the direction of the thrust, on the solid beam, prevents an^ sensible abutment on the shoulder oes. 

bottom of tne mortise, which is well supported on the un* Fig. 33, No* 8, is a simpler, and in our opinion a prefer- 

der side by the wall-plate. This form has the further ad- able, joint. We observe it practised by the most eminent 

vantage of having no tendency^ to tear up the end of the carpenters finr all oblique thrusts ; but it surely emplojrs 

mortise. This form is represented in fig. 30. The tenon less of the cohesion of the tie-beam than might be used 
has a small portion ab cut perpendicular to the surface of without weakening it, at least when it is supported on the 

the tie-beam, and the rest be is perpendicular to the raf« other side by the wall-plate. 

ter. (See Note CC.) Fig. 33^ No* 3, is also much practised by the first car- 

But if the tenon is not sufficiently strong (and it is not penters* 

so strong as the rafter, which is thought not to be stronger Fig. 35, No. 1, is proposed by Mr Nicholson as prefer- 

than is necessary), it will be crushed, and then the raf- able to fig. 33, No. 3, because the abutment of the inner 
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i^arpentry. part Ib better supported. This is certainly the case ; but angle formed by the sides, or else perpendicular to one of Carpentry. 

-^^^^^^^1^ it supposes the wnole rafter to go to the bottom of the the pieces. In fig. 36, No. 2, where the straining beam, ^«^^>r^^ 

socket, and the beam to be thicker than the rafter. Some a6, cannot slip away from the pressure, the jomt a is 

may think that this will weaken the beam too much, when preferable to bf or indeed to any uneven joint, which 

it 18 no broader than the rafter is thick ; in which case never fails to produce very unequal pressures on the dif* 

they think that it requires a deeper socket than Nichol* ferent parts, by which some are crippled, others are splin- 

son has given it. Perhaps tlie advantages of Nicholson's tered off, &c. 

construction may be had by a joint like fig. 35^ No. 2. When it is necessary to emplojr iron straps for strength- Directions 

Circuro- Whatever is the form of these butting joints, great care ening a joint, considerable attention is necessary, that wefi>r pladuf 

ftance to should be taken that all parts bear alike; and the artist may place them properly. Tlie first thing to be deter- ^'^"^'''l'* 

^d f ^^^°^* ^ill attend to the mi^itude of the different surfaces. In mined is the direction of the strain. This is learned by 

^ the general compression, the greater surfaces will be less the observations in the beginning of this article. We must 

compressed, and the smaller will therefore change most, then resolve this strain into a strain parallel to each piece* 

When all has settled, every part should be equaify close, and another perpendicular to it. Then the strap which 

Because great logs are moved with difficulty, it is very is to be made fast to any of the pieces must be so fixed 

troublesome to try the joint frequently to see how the that it shall resist in the direction parallel to the piece* 

parts fit ; therefore we must expect less accuracy in the Frequently this cannot be done ; but we must come as 

interior parts. This should make us prefer those joints near to it as we can. In such cases we must suppose 

whose efficacy depends chiefiy on the visible joint. that the assemblage yields a little to the pressures which 

It appears from all that we have said on this subject, act on it. We must examine what change of shape a 
that a veiy small part of the cohesion of the tie-beam is- small yielding will produce. We mint now see how this 

sufficient n)r withstanding the horizontal thrust of a roof, will affect the iron strap which we have already suppos- 

even thoi^zh very low pitched. If therefore no other use ed attached to the joint in some manner that we thought 

is made of the tie-beam, one much slenderer may be used, suitable. This settling will perhaps draw the pieces 

and blocks may be firmly fixed to the ends, on which the away from it, leaving it loose and unserviceable (this ire- 

rafters might abut, as they do- on the joggles on the head quently happens to the plates which are put to secure the 

and foot of a king-post. Although a tie-beam has com- obtuse angles of butting timbers, when their bolts are at 

monly floors or ceilings to carry, and 'sometimes the work- some distance from the angles, especially when these plates 

shops and store-rooms of a theatre, and therefore requires are laid on the inside of the angles) ; or it may cause it to 

a great scantling, yet there frequently occur in macnines compress the pieces harder than before, in which case it 

and engines very oblique stretchers, which have no other is answering our intention. But it may be producing cross 

office, and are generally made of dimensions quite inade- strains, which may break them, or it may be crippling them, 

quate to their situation, often containing ten times the ne- We can hardly give any general rules ; but the reader will 

cessary quantity of timber. It is therefore of importance do well to read what is written in No. 36 and 41 of the 

to ascertain the most perfect manner of executing such a article Roof. In No. 36 he will see the nature of the strap 

joint. We have directed the attention to the principles or stirrup, by which the king-post carries the tie-beam, 

that are really concerned in the effect. In all hazardous The strap that we observe most generally ill placed is that 

cases, the carpenter calls in the assistance of iron straps ; which connects the foot of the rafter with tne beam. It 

and they are frequently necessary, even in roofa, notwith- only binds down the rafler, but does not act against its 

■ standing this superabundant strength of the tie-beam, horizontal thrust. It should be placed farther back on the 

But this is generally owing to bad construction of the beam, with a bolt through it, which will allow it to turn 

wooden joint, or to the failure of it by time. Straps will round. It should embrace die rafter almost horizontally 

be consiaered in their place. near the foot, and should be notched square with the back 

There needs but little to be said of the joints at a lo^- of the rafler. Such a construction is represented in fig. 37. 

gle worked out of solid timber ; they are not near so dim- By moving round the eye-bolt, it follows the rafter, and 

cult as the last. When the size of a log will allow the cannot pinch and cripple it, which it always does in its 

joggle to receive the whole breadth of the abutting brace, ordinary form. We are of opinion that straps which 

it ought certainly to be made with a square shoulder; or, have eye-bolts in the very angles, and allow -Al motion 

which is still better, an arch of a circle, having the other round t(iem, are of all the most perfect. A branched strap, 

end of the brace for its centre. (See Note £E.) Indeed such as may at once bind the king-post and the two braces 

this in general will not sensibly differ from a straight line which butt on its foot, will be more serviceable if it have 

perpendicular to the brace. By this circular form, the a joint. When a roof warps, those branched straps fre- 

settling of the roof makes no change in the abutment ; quently break the tenons, by affordine a fulcrum in one of 

but when there is not sufficient stuff for this, we must uieir bolts. An attentive and judicious artist will consi- 

avoid bevel joints at the shoulders, because these always der how the beams will act on such occasions, and will 

tend to make^ the brace slide off. The brace in €g. 36, avoid giving rise to these great strains by levers. A skil- 

No. 1, must not be joined as at b, but as at a, or in some ful carpenter never employs many straps, considering 

equivalent manner. Observe the joints at the head of the them as auxiliaries foreisn to his art, and subject to im- 

main posts of Drury Lane theatre, fig. 44, Plate LV. perfections in workmanship which he cannot discern or 

putting When the very oblique action of one side of a frame of amend. We must refer the reader to Nicholson's Car- 

joiotfl. carpentry does not extend, but compress, the piece on penier <md Jamer'$ AsnskuU for a more particular account 

which it abuts (as in fig. 11), there is no difficulty in the of the various forms of stirrups, screwed rods and other 

joint. Indeed a joining is unnecessary, and it is enough iron work for carrying tie-beams, &c. 
that the pieces abut on each other ; and we have only to As for those that are necessary for the turning jomts of 

take care that the mutual pressure be equally borne by all great engines constructed of timber, they make no part of 

the parts, and that it do not produce lateral pressures, the art of carpentry. (See Note II.) 

which may cause one of the pieces to slide on the butting Afler having attempted to give a systematic view of lixamptai 

joint. A very slight niortise and tenon is sufficient at the the principles of framing carpentry, we shall conclude by of differeni 

jo^le of a king-post with a rafter or straining beam. It giving some examples which will illustrate and confirm pieces of 

la best, in genenu, to make the butting plain, bisecting the the foregoing principles. carpeiilry. 
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Roof of 

Greenwich 

chapeL 



X 
X 



12 
7 

7 
7 
7 
7 
2 



St Paul's, 

Covent 

Qarden. 



C«rpenti7« Fig. 38, Plate LI V, is the roof of the chapel of the Royal 
Hospital at Greenwich, constructed by Mr S« WyatL 

Inches 
Scantling. 
A A is the tie-beam, 57 feet long, spanning 51 

feet clear 14 by 12 

CC, queen-posts 9X 

D, braces 9 X 

E, straining beam 10 X 

F, straining piece 6 

G, principal rafters 10 

H, a cambered beam for the platform 9 X 

B, an iron string, supporting the tie-beam 2 X 

The trusses are seven feet apart, and the whole is co- 
vered with lead, the boarding being supported by horizon- 
tal ledgers A, A, of six by four inches. 

This is a beautiful roof, and contains less timber than 
most of its dimensions. The parts are all disposed with 
great judgment. Perhaps the iron rod is unnecessary, 
but it ad£ great stifiness to the whole. 

The iron straps at the rafler feet would have had more 
effect if not so oblique. Those at the head of the post 
are very effective. 

We may observe, however, that the joints between the 
straining beam and its braces are not of the best kind, and 
tend to bruise both the straining beam and the truss beam 
above it. 

Fiff. 39, the roof of St PauFs, Covent Garden, designed 
by Mr Haurdwick, and constructed by Mr Wapshot in 1796. 
A A, tie-beam spanning fifty feet two inches... 16 X 12 
BB, queen-posts 9X8 

C, straining beam 10 X 8 

D, king-post (fourteen at the joggle) 9 X 

EE, struts 8 X 

FF, auxiliary rafters Tat bottom^ 10 X 

HH, princifttl rafter Tat bottom) 10 x 

ggy studs supporting the rafter 8 X 

The trusses are about ten feet six inches apart, and the 
dotted lines in the middle compartment show the manner 
in which the roof is framed under the cupola. 

This roof far excels the original one put up by Inigo 
Jones. One of its trusses contains 198 feet of timber. 
One of the old roof had 273, but had many inactive tim- 
bers, and others ill disposed. The internal truss FCF is 
admirably contrived for supporting the exterior rafters, 
without anypressure on the far projecting ends of the 
tie-beam. Tne former roof had bent them greatly, so as 
to appear ungraceful. (See Note KK.) 

We think that the camber (six inches) of the tie-beam 
is rather hurtful, because, b;^ settling, the beam lengthens ; 
and this must be accompanied by a considerable sinking of 
the roof. This will appear by calculation. (See Note LL.) 

Fig. 48, Plate LV^ the roof of Birmingham theatre, 
constructed by Mr George Saunders. The span is eighty 
feet clear, ana the trusses are ten feet apart. 
A is an oak corbel 9 

B, inner plate. r. ....r 9 

C, wall-plate 8 

D, pole-plate 7 

E, tie-beam ^ 15 

F, straining beam 12 

G, oak king-post (in Uie shaft) 9 

H, oak queen-post (in the shaft) 7 

I, principal racers 9 

K, common ditto 4 

L, principal braces 9 and 6 

M, common ditto > 6 

N, purlins 7 

Q. straining sill 5-^ 

S^ ridge piece 
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This roof is a fine specimen of British carpentry, tuid U Corpeutry. 
one of the boldest and lightest roofs in Europe. The ^«»^<^w 
straining sill, Q, gives a firm abutment to the principal 
braces, and the space between the posts is 19^ feet wide, 
affording roomy workships for the carpenters and other 
workmen connected with a theatre. The contrivance 
for taking double hold of the wall, which is very thin, is 
excellent. There is also added a beam (marked R), bolt- 
ed down to the tie-beams. The intention of this was to 
prevent the total failure of so bold a trussing, if any of the 
tie-beams should fail at the end by rot. 

Akin to this roof is fig. 44, Plate LV., the roof of Drury- 
Drury Lane theatre, eighty feet three inches in the clear, I>M»e 
and the trusses fifteen feet apart, constructed by Edward ^^•**^«' 
Grey Saunders. 

A, beams 10 by 7 

B, rafters 7X7 

C, king-poste 12 X 7 

D, struts 5X7 

E, purlins 9X5 

G, pole-plates 5X5 

H, gutter plates framed into the beams 12 X 6 

I, common rafters 5x4 

K, tie-beam to the main truss 15 X 12 

L, poste to ditto 15 X 12 

M, principal braces to ditto 14 and 12 X 12 

N, struts...: , 8 X 12 

P, straining beams 12 X 12 

The main beams are trussed in the middle space with 
oak trusses five inches square. This was necessary for 
its width of thirty-two feet, occupied by the carpenters, 
painters, &c The great space between the trusses afford 
good store-rooms, dressing-rooms, &c. 

It is probable that this roof has not its equal in the 
world for lightness, stiffness, and strength. The main 
truss is so judiciously framed, that each of them will safe- 
ly bear a load of three hundred tons ; so it is not likely 
that they will ever be quarter loaded. The division of the 
whole into three parts makes the exterior roofings very 
light The strains are admirably kept from the waJls, and 
the walls are even firmly bound together by the roof. 
They also take off the dead weight from the main truss 
one third. 

The intelligent reader will perceive that all these roofs itcuiark: 
are on one prmciple, depending on a truss of three pieces 
and a straight tie-beam. This is indeed the great prin- 
ciple of a truss, and is a step beyond the roof with two 
rafters and a king-post. It admits of much greater variety 
of forms, and of greater extent. We may see that even 
the middle part may be carried to any space, and yet be 
fiat at top ; for the truss-beam may be supported in the 
middle by an inverted king-po8t*(of timber, not iron), car- 
ried by iron or wooden ties from its extremities ; and the 
same ties may carry the horizontal tie-beam K ; for till 
K be torn asunder, or M, M, and P be crippled, nothing 
can fail. 

The roof of St Martin's church in the F elds is con- 
structed on good principles, and every piece properly dis- 
posed. But altliough its span does not exceed forty feet 
from column to column, it contains more timber in a truss 
than there is in one of Drury-Lane theatre. The roof of 
the chapel at Greenwich, that of St Paul's, Covent-Gar- 
den, those of Birmbgharo and Drury-Lane theatres, form 
a series gradually more perfect. Such specimens afford 
excellent lessons to the artist. We therefore account 
them a useful present to the public. 

There is a very ingenious project offered to the public project bv 
by Mr P. Nicholson. (Carpenie/s Assistant, p. 6&) He Mr NU 
proposes iron rods for king )K>8tS) queen-posts, and all^^^^'*^'^' 
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Carpentryotlier situations where beams perforin the office of ties. AB might be sawed through at the middle. The iron Carpenir>' 

^^^sy^m/ He receives the feet of the braces and struts in a socket string is the only part which is stretched ; for AC, DC, ^ 

very well connected with the foot of his iron king-post ; EC, DC, are all in a state of compression. We have made 

and he secures the feet of his queen-posts from being the angles equal, that all may be as great as possible, and 

pushed inwards, by interposing a straining sill. He does the pressure on the struts and strings a minimum. Mr 

nnt even mortise the foot of his principal rafVer into the Watt makes them much lower, as AeleB, or AdiB. But 

end of the tie-beam, but sets it in a socket like a shoe, at this is for economy, because the strength is almost insu- 

the end of an iron bar, which is bolted into the tie-beam perable. It might be made with wooden strings ; but the 

a good way back.^ All the parts are formed and disposed workmanship of the joints would more than compensate 

with the precision of a person thoroughly acquainted with the cheapness of the materials, 
the subject ; and we have not the smallest doubt of the 

success of the project, and the complete security and du- We offer this article to the public with deference, and 
rability of his roofs. We abound in iron ; but we must we hope for an indulgent reception of our essay on a sub- 
send abroad for building timber. This is therefore a va- ject which is in a manner new, and would require much 
luable project; at the same time, however, let us not over- study. We have bestowed our chief attention on the 
rate its value. Iron is about twelve times stronger than strength of the construction, because it is here that per- 
red fir, and is more than twelve times heavier ; nor is it sons of the profession have the most scanty information, 
ciieaper, weight for weight, or strength for strength. We beg them not to consider our observations as too re- 
Our illustrations and examples have been chiefly taken fined, and that they will study them with care. One prin- 
from roofs, because they are the most familiar instances ciple runs through the whole ; and when that is clearly 
of the difficult problems of the art. We could have wish- conceived and familiar to the mind, we venture to say that 
ed for more room even on this subject. The construction the practitioner will find it of easy application, and that he 
of dome roofs has been, we think, mistaken, and the dif- will improve every performance by a continual reference 
ficulty is much less than is imagined ; we mean in re- to it. 

fepect of strength ; for we grant mat the obliquity of the ,y^ notes. 

joints, and a general intricacy, increases the trouble of 

Wooden workmanship exceedingly. Wooden bridges form another A A, p. 21 7- This rule may be somewhat more accu- 

liidgcfl. class equally difficult and important; but our limits are rately expressed in these words : From the point at which 

alreai^y overpassed, and will not admit them. The prin- any three forces meet and balance each other, draw a line 

ciple yn which they should all be constructed, without ex- in the actual direction of any one of them, and from the 

ception, is that of a truss, avoiding all lateral bearings on extremity of this line draw two others, parallel to the di- 

any of the timbers. In the application of this principle rections of the other two forces respectively ; then sup- 

we must further remark, that the angles of our truss should posing the pieces affording tliese two forces to be produ- 

be as acute as possible; therefore we should make it of ced indefinitely at their remoter ends, either of them whicL 

IS few and of as long pieces as we can, taking care to is cut by one of the two lines will be compressed, and aoc 

prevent the bending of the truss beams by bridles, which as a brace, and either of them which is not cut will be 

embrace them, but without pressing them to either side, stretched, and act as a tie. 

When, the truss consists of many pieces, the angles are BB, p. 218. It is, however, difficult to imagine how the 

very obtuse, and the thrusts increase nearly in the dupli- beam DA can furnish a force t'A, to prevent the force Af 

cate proportion of the number of angles* from carrying the beam B A towards H, when DA only 

FraiDlngof With respect to the frames of carpentry which occur affords a repulsive abutmenL The true resolution of the 

great le- jn engines and great machines, the varieties are such that force AE is found by considering the intersection of GE 

^*^<^ it would require a volume to treat of them properly. The with Ae, which are the directions of the separate forces 

principles are already laid down ; and if the reader be composing it : these lines meeting in a point a little above 

really interested in the study, he will engage in it with r, we may call their intersection r*: then in the triangle 

seriousness, and cannot fail of being instructed. We re- AEr*, the side Ar* will represent the pressure on the 

commend to his consideration, as a specimen of what mav mitred joint, and r*E the pressure on the beam HD ; and 

be done in this way, the working beam of Hornblower s the former being again resolved into AG and Gr*, we have 

steam-engine. (See Steam-Enoinb.) Wlien the beam ultimately AG and Gr* + r*E = GE = AF, for the ho- 

must act by chains hung from the upper end of arch-heads, rizontal and vertical forces, however they may be modi- 

the framing there given seems very scientifically con- fied by intermediate combinations, 
structed ; at the same time we Uiink that a strap of CC, p. 219. The reasoning contained in this and tome 

wrought iron reaching the whole length of the upper bar of the subsequent articles may serve as an approximation 

(see the figure) would be vastly prererable to those par- to the truth in many cases of common occurrence ; but 

tial plates which the engineer has put there, for the bolts the supposition on which it is founded is by no means 

wiU soon work loose. generally admissible as affording a result mathematically 

But when arches are not necessary, tlie form employed accurate ; for, in reality, the distribution of the weight of 

by Mr Watt is vastly preferable, both for simplicity and a roof over the whole extent of the rafters, or the concen- 

for strength. It consists of a simple beam, AB (fig. 45, tration of the whole weight in the point where they meet, 

Pl^teLV.), havins the gudgeon C on the upper side, is far from being an indifferent alternative, either with re- 

The two piston rods are attached to wrought-iron joints, A spect to the magnitude of the thrusts, or to the proper di- 

and B. Two strong struts, DC, EC, rest on the upper rections of the abutments or joints. In the case here dis- 

side of the gudgeon, and carry an iron string, ADEB, cussed, where there is no kmg-post, it is clear that the 

consisting^ of three pieces, connected with the struts by centre of gravity of the whole roof must be much nearer 

proper joints of wrought iron. A more minute descrip- to the middle of the figure than the angular point, and 

tion is not needed for a clear conception of the principle, that consequently the weights supported by the two walls 

No part of this is exposed to a cross strain ; even the beam will be very different from those which would be support- 



1 iSee figures 40, 41, 42, Plate X., and Mr NichoUon's work, p. 6b, where these figures are particularly deieribed. 
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Carpentry, ed if the whole load were placed at the summit ; although, must have been reduced in the proportion of 1*207 to 1. Carpentry 

^'^^^^ where there is a heavy king-post, supporting also, as it (Art. Bridge, Prop. £.) But considering how near the 

ought to do, about half the weight of the tie-beam, with arc thus determined approaches to a quacmint, it is obvi- 

its floors or ceiling, the case will approach much nearer to ous that any slight variations of the quantities concerned 

the supposition here assumed. in the calculation must have greatly aflected the magnitude 

For a common light roof, without a king-post, the cat- of the tangent ; so that the loss of strength may easily 

culation or construction is very simple. When two raflers have been considerably greater than this, as it appears to 

only meet at the summit, they must support each other by have been found in the experiment. It would, however, 

a horizontal thrust (see Art Bridge, Prop. Y) ; and this scarcely have been expected that such a pillar, however 

thrust, acting on each rafter as a lever, of which the lower supported, could withstand the pressure of ninety hun* 

t end is the fiUcrum, must be equivalent to the weight, act- dredweight, since Emerson informs us that the cohesive 

ing at the horizontal distance of the centre of gravity from strength of a pillar of fir an inch in diameter is only about 

the fulcrum, which is a quarter of the whole span ; conse- thirty-five: but supposing the facts correct, the coincidence 

quently the thrust must be to the weight as a quarter of tends to show the near approach to equality of the forces 

the span to the height, and the compound oblique thrust of cohesion and lateral adhesion, as explamed in the in- 

on the abutment will be represented by the hypotenuse traduction to tills article. 

of the triangle of which those lines are the sides ; so that E£, p. 222. A similar remark of the author has already 

if we had a roof of the same height, and of half the breadth, been noticed in the article Bridge, at the end of the fifui 

the direction of its raflers would exactly represent the section. In the form in which it is here expressed, it be- 

actual direction of the compound thrust on the end of the comes still more objectionable ; for with whatever part of 

tie-beam, and would consequently indicate the proper form a circular abutment a rafter equal to the radius may be 

for the abutment of the given structure. brought into contact, it is very plain that its opposite end 

But in the case of the unequal rafters represented in can never be either higher or lower than the original cen- 

the figure, the determination becomes more complicated, tre of curvature : and even if the curvature were made 

and we must first find the duection of the mutual thrust twice as great, so that the rafter might be equal to the dia- 

of tl^e rafters, which must evidently be such, that the per- meter of the cirde, it wotdd be necessary that the lowerend 

pendlculars felling on it from each end of the tie-beam should slide upwards on the abutment as much as the up- 

may be in the inverse proportion of the motive powers of per end fell, in order to preserve the contact ; and there 

the weights of the rafters, that is, of the products of those would obviously be no force in the structure capable of 

weights into the horizontal distances of the centres of producing such a change as this. Any general curvature 

gravity from the respective fulcrums, or into the segments of the joint must therefore be totally useless ; but a judi- 

of the tie-beam made by a vertical line passing through cious workman will make it somewhat looser below than 

the summit, which aro proportional to tnese distances ; above, when there is any probability that the rafters will 

and if we produce the base of the triangle, and find in it sink, taking care, however, to avoid all bearing too near 

a point, of which the distance is to the length of the tic- the surface, lest it should splinter, and, for these reasons 

beam as the smaller product to the difference of the pro- combined, making the end a little prominent somewhat 

ducts, a line drawn from the summit to this point will show above the middle of the surface which rests on the abuc- 

the true direction of the thrust ; and its magnitude may ment. 

then be readily determined by dividing either of the pro- With this precaution, the direction of the joint between 

ducts by the respective perpendicular falling on diis line, a rafter and a tie-beam ought to be made precisely perpen- 

Where, however, there is a king-post supporting a heavy dicular to the true thrust of the rafter, determined as al- 

tte-beam, it is necessary to determine the centre of gravity ready explained (Note CC) ; for, in the first place, unless 

of the half roof, together with this addition ; and the dis- ^e trust either to the friction, or to straps, the bearing 

tance of the centre of gravity from the middle will then cannot be more nearly horizontal than this, without danger 

be to the half span, as the weight of one of the rafters with of the rafters sliding outwards ; and, in the second place, if 

its load is to the weight of the whole roof, including the ^e made it more nearly vertical, we should lessen the verti- 

tie-beam and ceiling ; and if we erect a perpendicular pass- cal pressure on the end of the tie-beam, immediately beyond 

ing through the centre of gravity thus found, and equal to the joint ; a pressure which gives firmness to the wood, 

the height, the oblioue thrust on the abutment will be in by pressing its fibres more closely together, and increas- 

the direction of the line joining the upper end of this per- ing tlieir lateral adhesion, or rather internal friction. If, 

pendicular and the end of the tie-beam. however, tlie tie-beam were not deep enough to receive 

DD, p. 221. In order to obtain a distinct idea of the ope- the whole of the rafter ho terminated, without too great a 

ration of the forces concerned in this experiment, we must reduction of its depth, it would be proper to make the joint 

have recourse to prooosition C of this article, and substitute & little flatter, or more horizontal, and to restrain the end 

in the formula for the deflection from sliding upwards by an iron strap fixed in a proper di- 

M / I6f e\ rection. We should preserve the end of the rafter as little 

d = at VjQf TANG. IV-^' ")» diminished in breadth as possible, when the tie-beam is 

/ \ m. aj ^jjjg enough to receive it ; a moderate thickness, left on 

„ — 1 / — Q — ^ M — 1 ono AHA ^^ A *u each side of the mortise in the tie-beam, being sufficient to 

""^'^""6720" 840' ^^ l'^*^>^^ P<>"n<^» the ^^^^^ j^ securing the connection of the ends of the beam 

specific gravity of fir being -56, / = 6720, and e = 6, ^"'JL^^® intermediate parts. 

the middle of the pillar being considered as the fixed ?^' P* ^^' ^^ doctrine of the initial equality of the 

,r,^ resistances to compression and extension, as stated in the 

point I we tfien find v' ^. - = 1'427, which is the length article Bridge, enables us to demonstrate that the trans- 

^ o o verse strength can never exceed one sixth of that which 

of an arc of SI"" 4d^and the tangent becomes 6-9, whence ^ould be derived from the resistance of all the fibres, 

I co-operating at the distance of the whole depth from a fix- 

we have cf = 57^: X 4-2 X 6*9 = •0345, or somewhat more ^^ fulcrum, and acting with the weaker of tbe two DOwer& 

VI.- . appropriate to the body. It is true thit the lesults c£ 

than the thirtieth of an rach : consequently the strength some direct experiments seem to favour the opmion that 
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Caroentrv ^^® coliesive power is the weaker ; but where the flexure 
is already considerable, it is probable that this ciraimstance 
materially diminishes the primitive power of resisting com- 
pression, so that the principles on which the calculation 
proceeds are by no means strictly applicable to the case 
of a bar so broken. 

GG, p. 223. There seems to be a little confusion in 
the idea of the possibility of alterins the nature of the ac- 
tion of the fibres of a beam by altering the place of the 
gudgeon in this manner ; but the author has very proper- 
ly abstained from making any practical application of the 
supposed modification thus introduced. With respect to 
the strength required for scaifing or joggling, it may be 
observed, that the whole of the compressed fibres of the 
concave side may be considered as abutting a<;ainst the 
whole of the extended fibres on the convex side ; and this 
abutment is equally divided throughout the length of the 
beam; so that if the scarfings or joggles in the whole 
length of the arm of a lever, taken together, are as strong 
as one half of the depth of the lever, exerting half its 
powers, from the inequality of tension, there will be no 
danger of the failing of these joints ; and from this prin- 
ciple it will be easy to determine the depth to which the 
joints ought to extend in any particular case. Hence also 
we may understand how a beam may become so short as 
to be incapable of transverse fracture in its whole extent ; 
for the lateral adhesion between the different fibres of 
wood is generally fu* inferior to the longitudinal strength 
of the fibres : and if, for example, it were only one fourth as 
great, a beam less than t^ ice as long as it is deep would 
separate, if urged in the middle by a transverse force, 
into two strata, from its incapacity of affording suflBcient 
abutment, before its longitudinal fibres would give way. 

HH, p« 225. If the bolts were sufficiently numerous 
and sufficiently firm, so as to produce a great degree of 
adhesion or of friction between the parts, this }oint might 



be made almost as strong as the entire beam, since there Carpentry, 
is nothing to prevent the co-operation of each side with 
the other throughout its extent; but much of the strength 
would be lost if the bolts became loose, even in an incon- 
siderable degree. 

II, p. 227. The author has reasoned upon the direction 
of straps, as if it were universally necessary to economize 
their immediate strength only, without regard to the effect 
produced on the tightness of the joint ; but it may happen 
that the principal purpose of the strap will be answered 
by its pressing the raJfter firmly upon the beam, and this 
effect may be produced by a certain deviation from the 
horizontal position, with but little diminution of the 
strength of the strap ; a deviation which has also the ad- 
vantage of allowing the strap to embrace the whole of the 
beam, without weakening it by driving a bolt through it. 
We must not, however, run the risk of crippling the end 
of the beam, and the straps represented in fig, 38 may be 
allowed to be somewhat too erect. 

KK, p. 228. It does not appear to be desirable that the 
ends of the rafters should be supported without any pres- 
sure on the ends of the beams, since these ends would 
bear a small weight without any danger of bending, and 
would thus lessen the pressure on the king-post. 

LL, p. 228. The half length being 26 feet, and the 
camber 6 inches, the excess of the oblique length will 
be V 625*25 — 25, or y^ of a foot, that is, ^ of an inch, 
which is all that the beam would appear to lengthen in 
sinking; nor would the settling of the roof be more ** con- 
siderable" than about a quarter of an inch. But there 
seems to be no advantage in tliis deviation of the tie-beam 
from the rectilinear direction ; and the idea, which appears 
to be entertained by some workmen, that a bent beam 
partakes of the nature of an arch, is one of the many mis- 
chievous fallacies which it is the business of the mathe* 
matical theory of carpentry to dispel. (t. t.) 
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OeiinUion. HooF, tlie covering of any building by wbicb its inhabitants 
and contents are protected from the injuries and incle- 
mencies of the weather. So essential is it, that the word 
is frequently used for the house itself. To *' come under 
tlie roof* is a Hebrew phrase; and the word ** tectum" had 
the same meaning among the Romans. It is derived from 
the Anglo-Saxon hrof, who thought so much of its import- 
ance, that they called the carpenter hrof'tvtfrhta^ or the 
'* roof-worker.* 
V'artcties KuoU may be considered as to tlieir covering, and the 
of cover- framing which carries such covering. The former is either of 
'°S- metal, as lead, copper, zinc, comigated or galvanized iron, 

&C. ; or of tile, either Italian, pan or Flemish tile, plain 
tile, &c. ; or of slate, and sometimes of stone. The Greek 
temples were covered witli long thin pieces of marble sunk 
or worked hollow by the mason, so tnat the wet could not 
run back under the next, and consequently thexe roofs shot* 
off the water easily, and were very flat. Both in ancient 
and modem times, in all countries, tlie poorer classes of roofs 
are covered or thatched with straw, reed, heather, or some 
similar material. In most hot climates, and also in many 
parts of Italy, the roofs are flat, and covered with a sort of 
concrete or cement, which is carried on joists like a floor ; 
the object being to form a sort of terrace to walk on early 
in the morning or late in the evening, to enjoy the cool air, 
which can only be felt in elevated situations. 
Pitch. The elevation of a roof, which governs the angle its 

rafters make with the horizon, is called its pitch. On this 
subject there has been a great deal of controversy. Some 
have considered, as they find the farther we go south the 
flatter the roofs are, that the pitch must be governed by 
climate ; and most elaborate calculations have been made 
of certain angles at which it is proposed that roofs should 
be construct^ in various latitudes. But it should be re- 
membered that in hot climates the rains come all at once; in 
such floods our roofs could not resist ; and it would be poor 
economy, because for months together there were no rain, 
if, when it does come, the house should be daily drenched. 
Others have considered the whole a mere matter of taste, 
and the pitch is chosen as we wish more or less of a roof to 
be seen. The Greeks made their roofs very flat, and placed 
large anteflxes along the eaves, so that the roof could not 
be seen from below except from a great distance. (See 
the restored view of the Parthenon, Abohitbctcrb, Plate 
III.) The angle is about 16^ the pitch or height at the 
apex being about a seventh of the width* Roman roofs 
average about 22^ or a fifth pitch. That the mediaeval 
builders had no rule, is shown from the extreme variety of 
the height of roofs in their di^rent edifices. In the Lom- 
bardic cathedral of Pisa, erected 1063 (Architecture, 
Plate XXI.), the roof is about 27^, or nearly quarter pitch. 
The Norman roofs are seldom more than 40^ or less than 
half pitch ; while in tlie early English period Uiey suddenly 
sprung up to whole pitch, — t.^., the height equal to the 
entire width (see Beverley Minster, Arohitecttre. Plate 
XIX., fig. 1), being an angle of alxiut 64°. They then 



gradually were less in height till the perpendicular period, 
when many roofs were nearly flat; that of Henry the Seventh 
chapel, for example, being but about 16^ or as flat as a 
Greek roof. Now, that this variety was matter of taste, — we 
had almost said caprice, — ^is evidenced by this fact : these 
examples are all covered with lead (which might have 
been laid quite flat, and yet have been perfectly sound), 
and all have a stone groined roof below them, which his 
nothing whatever to do with the upper Covering, and which, 
after all, is the real roof or cover which protects the build- 
ing fiY)m the weather. Much has been said of the propriety 
ofalways showing the roof of a building, and the Gothic 
architects have been eulogised fi)r so doing. The facts 
stated above, however, prove this was not always the case. 
We cannot, however, justify the going out of the way to 
conceal a roof by false attics, stilted bsdustrades, &c. ; and 
the screen wall at St Paul's at London must always be 
considered a defect in that fine building. Still, a wide 
expanse of plain roof is as ugly in itself as a bare wall ; and 
we cannot approve of such roofs as some of the modern 
imitations of early English work are, where the wall is so 
low that we could touch the eaves with a walking-stick, and 
there is three or four times as much roof as wall. The root 
of a house has not inaptly been likened- to a man's hat. 
There is no need to trv and hide or disguise it if you are 
obliged to wear it ; and if the weather is warm, and you do 
not require it, it would be folly to wear one without a 
crown. If on board ship, you would wear as low a hat as 
possible to avoid striking it against the beams ; but, above 
all, it should bear some reasonable proportion to the height 
of a man, as the roof should to the walL It would be ab- 
surd to wear a hat as tall as the man himself. 

After all, although much latitude must be given to taste, Pitch de- 
it is probable the pitch of a roof mainly depends on the p«ndent (m 
materia] with which it b covered. The largest number of "*^**^* 
buildings are erected with a view to utility and strict eco- 
nomy, and without any regard to sestlietics. Everybody 
knows that if slates or tiles are laid at too flat a pitcn, the 
wind will drive the rain up under them, and tlie roof will 
leak ; and everybody also Knows that if the same covering 
be taken off and re-laid to a steeper {Ntch, the roof will be 
sound. Practice teaches what is the safe minimum pitch. 
Let us suf^se it to be quarter pitch, and for considera- 
tions of taste we make it three-quarter pitch. Now, it is 
quite clear we waste not only the raflers and covering, but 
our whole roof must be constructed of stronger timbers, and 
our walls also must be thicker and stronger, inasmuch 
as they have more weight to bear. We therefore pay 
dear in more ways than one for our liking for high-pitched 
roofs. 

Although it happens that both Greek, Roman, and Ita- Pitch not 
lian roo& are flatter than ours, and the climate ia wanner, due to cli 
the same material used in our climates would answer per- ^^^^ 
fectly well. An inspection of the elaborate plate 97, in the 
Architettura Antica Greea of the celebrated Canina wiU 
show tins : and the frequent fittlure in our climate of Italian 
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Roof, tiles (which are exactly like the ancient Roman) arises de champ) ; by Those bent in thickness {caurbes sur Roof. 

^"^^^^^^ from the fact, that the tegole and imbrici only have been leur plat). s^^i^i^./ 

used, our builders being ignorant of the use of the roattoni, V. JRo{^s construded ^ Iron 
which in Italy are a very essential part of the soundness of 

thwe rooft. In one respect climate must be oonridered. j^ ^^ Pnfeuor Sobison's Theory qT Roqf. 

and that is, where there are long winters, and the snow is ^ 9 j "^ 

likely to lie on them; in this case they should be sharper nr • n • •.• ■ 1 

in pitch, and stronger in flaming. , ^e shtdl attenqjt m this article to give an account of the Purpow of 

Pitch re. If covered with le«i or other metals, rooft may be made 'ewJing principles of this art, in a manner so familiar and thi. article, 

quired for ^^, g, ^j^,, ^. ^ ^^^ fijl, in fect, as to prevent the JrI**'S ^ "»? Pf^° *•><> ""^o** **!« common proper- 

I'Sta water Cowing bacl under the drips. (See Building, »«« of the lever, and the compo«tion of motion, shall so far 

• Pldkbkiw' Wobk, ftc.) Italian til4 to be sound, should «nde«t«nd Aem as to be able, on every occasion, so to dis- 

have a fifth pitch, or 22". Slates with extra lap may be P*^/" materials, with respect to the strains to whid. they 

laid at quarter pitch, about 27°, if it be necessar^ the rod "[f to be exposed, that he ahaU always know the effective 

should ^ flats a third pitch (84«) is rather too much : the "fr °" «y"y .??«=«• '"•^ •**•'• '^. "»<f ««* ^ «*>«»« 

mean between a third and fourth (80 is a good rule. Pan- "*''« ** ^^T" '"f^ t ^ uTu ** 8|[c*test possible 

tiles should be laid ratiier sharped sUll, anfjain tiles from "^Iff W j™» *« T^x '''"**.''S ^^^P^ .u • . 

about 86« to 4<f J but of counTvery much will depend on JljlSS^i^. ^ "1^^ JT^ct^\ »»,*e,P™>-Prf?^Pl« 

Jie gauge the, ^ laid to,^ the l7ngth of the p£of the S^fc^trf^t^i^^^^t'^f^^^t ^SS'I^Khl^^ 

slate or tile which overlaps the other, as the larger this lap ^^^^^ . „i,. l ^u- .•«.:« : i 'a * ^u • \!^ " " streni 

• ^v I fi- 1 ^u • • * J • J Tuii-.u^j £ manner m which the strain is laid on the piece of matter.lt: ' 

IS, the less likely the ram is to dnve under. Thatched roofs «t... „^^^,^ ^^ ♦i,^ a^* ^k:- :- ^^^ X! ^^ "*, ™'then 

Ou.HU.. -hould be somewhat sharper in pitch th«, plain, tiles. 2dSRl'S%?SuS^^X Sdr^'^^S'^ 

Qualities Lead or copper, m an economical point of view, are the c-.„„^«^„ ^' ii/r»«.«— .,- ,- ^-^-T . w Z n - T 

of v&rioiu . ^ \ . , '^JT^ ' _c r«, u I 'J 1 ii a. ^ 1 OTRENGTH OF MATERIALS IN MECHANICS. We shall lUSt 

01 varioiu j^gg^ materials for roofs. They may be laid nearly flat, and Ur»^^„ /• ^ ♦!,.♦ «^^i^ ♦^.^ ^ »i._ '^ -^ aZ 

J:^^^^"^^ so save all the framing and i^f timbers; and the metal, J^jwfi^ that article two or three propositions smted to 

diould it be '^orn into holes, » Pf^T^y "/^^^^ The W with which the materials of our edifices, roofs, 

first laid down ; the only objection is, that the first expense g machines, and framings of every kind, resist being 

is so great. Zmc, though very cbeim and l^h^ and though ^^^^^ ^ ^^^^ ^^ pullecfasunder, b immediately or uf- 

It «n be laid flat, is apt to p into holes with the action or ^^^^ ^^ cohesion of their particles. When a weight 

'^'l!-_..?i*''"? J'^',*!j!i^^^^ ^.«°g« ^y » ~Pe, it tends eitiieTimmediately to break al 

particles of 

amongst the 

.11 Li- ". Z'\i ~. J r» ' u 1 ^ u I f u •! J **^*'> ''*"* wfuuii ujcy are joiueo. inis union of the fibres 

will lift with heavy winds. Each slate should be nailed -^ brought about by some kind of gluten, or by twisting, 

witii two copper nails, as iron rusts and breaks them. (See ^i,ich causes them to bind each oUier so hard that any one 

Building, Slating, &c.) Pwi-tiles are dearer tiian slate% ^u 5^53^ ratiier tiian come out, so much is it witiiheld b\ 

but not much heavier ; tiiey also break if trodden on, and friction. The ultimate resistance is tiierefore tiie cohesion 

the snow wiU drifl under if the pointing comes out. Flain ^f ^i^^ g^re ; and tiie force or strengtii of all fibrous materials, 

tiles are very durable, but they require a steep pitch, and ^^^ „ timber, is exerted in much tiie same manner. The 

are very heavy : dius in two ways distressmg tiie walls and £^^^ ^^ ^i^^ broken or pidled out from amonff tiie rest. 

the roof timbers. .^ t^ « „ . Metals, stone, glass, and the like, resist being p lUled asun- 

^ eight of This also depends on the gauge ; but the foUowmg may jer by the simple cohesion of their parts. 

rwf TOver- ^ ^^° " ^® ordinary average :— The force which is necessary for breaking a rope or wwe 

ings. A sqaare (100 feet saperfleial, or 11 yards sa- is a proper measure of its strength. In like manner, the 

perficial nearly) of lino will weigh ahout... I owt. force necessary for tearing directly asunder any h)d of wood 

A tqoare of lead, according to thickness, from.. .6 to 7 „ ^^ metal, breaking all ito fibres, or tearing them firom amongst 

A square of sUting from fij to 7J „ ^^i^ ^^y^^^^ is a proper measure of tiie united strength of all 

1 ^Z^ ^^in fc.::::::^ W : these fibres 5 and it is tiie simplest strain to which tiiey 

^ '^ can be exposed, being just equal to the sum of the forces 

All roofs, till very lately, except some which have been necessary for breaking or disengaging each fibre. And, if 

arched or domed, were framed with timber ; no other mate- the body is not of a fibrous stnicture, which is the case witii 

rial being known at that time which possessed such lengths metals, stones, glass, and many otiier substances, this force is 

with such qualities of tension. Later years, however, and gtiU equal to tiie simple sum of tiie cohesive forces of each 

Doore extended requirements, have developed the advan- particle which is separated by the fracture. Let us distin- 

tages of the use of iron. As everything must depend on guish this mode of exertion of the cohesion of tiie body by 

the soundness of both design and execution of framing, the name of its absolute atrenffth, 

whether in wood or iron, it is proposed to divide this sub- When solid bodies are, on the contrary, exposed to great 
ject, one of the most important in architecture, into the fol- atmpresaion, they can resist only a certain degree. A piece 
lowingsections : — of clay or lead will be squeezed out $ a piece of freestone 
L Theoiy cf Roqf will comprehend the whole of the will be crushed to powder ; a beam of wood will be crip- 
scientific part of the celebrated essay of Professor Robison, pled, swelling out in the middle, and its fibres lose their 
which was originally written for this work, and which is mutual cohesion, afler which it is easily crushed by the 
acknowledged to be the best yet given to the public. load. A notion may be formed of the manner in which 
n. Cauiei cf PaUurc <fBjoqfz^ given in terms that are these strains are resisted, by conceiving a cylindrical pipe 
intelligible to those unacquainted with the higher branches filled with small shot, well shaken together, so that each 
of mamematical analysis. sphericle is lying in the closest manner possible, that is, 
II L Medkttal Roofs, in contact with six others in the same vertical plane, tiiis 
lY. Account (f Roofs of great span (d grande portde,) being the position in which the shot will take the least 
— 1. Those trussed with straight timbers («n&o?>p/a<). room. Thus each touches the rest in six points. Now 
2. Those trussed with curved timbers — a. With tim- suppose them all united, in these six points only, by some 
bers side by side, breaking joint {sysUme en planches cement. This assemblage will stick together and form a 
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Roof, cylindrical pillar, which may be taken out of its mould. 
Now suppose this pillar standing upright, and loaded above. 
The supports arising from the cement act obliquely, and 
the load tends either to force them asunder laterally, or to 
make them slide on each other : either of these things hap- 
pening, the whole is crushed to pieces. The resistance of 
nbrous materials to such a strain is a little more intricate, 
but may be expluned in a way very similar. 

A piece of matter of any kind may also be destroyed by 
wrenching or twisting it. We can easily form a notion of 
its resistance to Mb kind of strain by considering what 
would happen to the cylinder of small shot if treated in this 
way. 

And, lastly, a beam, or a bar of metal, or piece of stone 
<veakne«i or other matter, may be broken transversely. This will 
in relation happen to a rafter or joist supported at the ends when 
to tTMis- overloaded, or to a beam having one end stuck fast in a wall 
and a load laid on its projecting part This is the strain 
to which materials are most commonly exposed in roofs ; 
and, unfortunately, it is the strain which they are the least 
able to bear ; or rather it is the manner of application which 
causes an external force to excite the greatest possible im- 
mediate strain on the particles. It is against tiiis that the 
carpenter must chiefly guard, avoiding it when in his power, 
and in every case diminishing it as much as possible. It is 
necessary to give the reader a dear notion of the great weak- 
ness of materials in relation to this transverse strain. But 
we shall do nothing more, referring him to the articles 
Strain, and Stress, and Strength. 

Let ABCD (fig. I) represent the side of a beam project- 
ing horizontally from a wall 
in which it is firmly fixed, 
and let it be loaded with a 
weight W appended to its ex- 
tremity. This tends to break 
it; and the least reflection 
wUl convince any person, that 
if the beam is equally strong 
throughout, it will break in 
the line CD, even with the 
suriace of the wall. It will 
open at D, while C will serve 
Bs a sort of joint, round which 
it will turn. The cross sec- 
tion through the line CD is 
for this reason called the seC' 
iion rffrcuOure ; and the ho- 
rizontiu line drawn through 

C on its under surface is called the axis offracttire. The 
fracture is made by tearing asunder the fibres, such as D£ 
or FG. Let us suppose a real joint at C, and that the 
beam is really sawea through along CD, and that in place 
of its natural fibres, threads are substituted all over the sec- 
tion of fhurture. The weight now tends to break these 
threads, and it is our business to find the force necessary 
for this purpose. 

It is evident that DCA may be considered as a bended 
lever, of which C is the fulcrum. If /be the force which 
vnll just balance the cohesion of a thread when hung on it 
so that the smallest addition wUl break it, we may find the 
weight which will be sufficient for this purpose when hung 
on at A, by saying, AC : CD =/: ^, and will be the 
weight whidi will just break the thread, by nanging f by 

CD 

the point A. This gives us ^ =/ X j^T' I^ the weight 

be hung on at a, the force just sufficient for breaking the 

CD 
same thread wiD be =:/x -g— . In like manner, the force ft 

which roust be hung on at A in order to break an equally 




CF 

strong or an equaUy resisting fibre at F, must be =/x ttt 

And so on of all the resL 

If we suppose all the fibres to exert equal resistances at 
the instant of fracture, we kn6w, from the simplest elements 
of mechanics, that the resistance of all the particles in Uie 
line CD, each acting equally in its own place, is the same 
as if all the individual resistances were united in the middle 
point g> Now this total resistance is the resistance or 
strength / of each particle, multiplied by the number ot 
particles. This number may be expressed by the line CD, 
because we have no reason to suppose that they are at un- 
equal distances* Therefore, in comparing different sections 
together, the number of particles in each are as the sections 
themselves. Therefore DC may represent the number of 
particles in the line DC. Let us call this line the depth of 
the beam, and express it by the symbol d. And since we 
are at present treating of roofs whose rafters and other parts 
are commonly of uniform breadth, let us call AH or BI Uie 
breadth of the beam, and express it by 6, and let CA be 
called its length L We may now express the strength of 
the whole line CD by fx i and we may suppose it all 
concentrated in the middle point g. Its mechanical energy, 
therefore, by which it resists the energy of the weight w^ 
applied at the distance l^ is/x CD X C ^, whilst the momen- 
tum of 10 is to X C A. We must therefore have/X CD X Cg 
:=zwXCA,mfd X ^dzz wly andfdiw^ ^'i^ ^^ fdiw 
^2 lid. Tnat is, twice the length of the beam is to its 
depth as the absolute strength of one of its vertical planes 
to its relative strength, or its power of resisting this trans- 
verse fracture. 

It is evident, that what has been now demonstrated of 
the resistance exerted in the line CD, is equally true of 
every line parallel to CD in the thickness or breadth of the 
beam. The absolute strength of the whole section of frac- 
ture is represented hyfdby and we still have 2 / : dzzifdb : w ; 
or twice the length of the beam is to its depth as the abso- 
lute strength to the relative strength. Suppose the beam 
twelve feet long and one foot deep ; then whatever be its 
absolute strengtii, the twenty-fourth part of this will break 
it if hung at its extremity. 

But even this is too favourable a statement. All the fibres 
are supposed to act alike in the instant of fracture. But 
this is not true. At the instant that the fibre at D breaks, 
it is stretched to the utmost, and is exerting its whole force. 
But at this instant the fibre at ^ is not so much stretched, 
and it is not then exerting its utmost force. If we suppose 
the extension of the fibres to be as their distance firom C, 
and the actual exertion of each to be as their extensions, it 
may easily be shown (see Strength and Strain), that the 
whole resistance is the same as if the full force of all the 
fibres were united at a point r distant from C by one third 
of CD. In this case we must say, that the absolute strength 
is to the relative strength as three times the length to the 
depth ; so that the beam is weaker than by the former 
statement in the proportion of two to three. 

Even this is more strength than experiment justifies, 
and we can see an evident reason for it. When the beam 
is strained, not only are the upper fibres stretched, but the 
lower fibres are compressed. This is very distinctiy seen, 
if we attempt to break a piece of cork cut into the shape 
of a beam. This being the case, C is not the centre of frac 
ture. There is some point e which lies between the fibre: 
which are stretched and those that are compressed. This 
fibre is neither stretched nor squeezed, and this point is 
the real centre of fiw^ture ; and the lever by which a fibrQ 
D resists, is not DC, but a shorter one Dc, and the en* 
ergy of the whole resistances must be less than by the se 
cond statement. Till we know the proportion between the 
dilatability and compressibility of the parts* and tba relation 
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Roof, between the dilatations of the fibres and the resistances which 
"-•" v^*^ they exert in this state of dilatation, we cannot positively say 
where the point cis situated, nor what is the sum of the actual 
resistances, or the point where their action may be supposed 
concentrated. The firmer woods, such as oak and chestnut, 
may be supposed to be but slightly compressible ; we know 
that willow and other soft woods are very compressible. 
These last must therefore be weaker ; for it is evident, that 
the fibres which are in a state of compression do not resist 
the fracture. It is well known, that a beam of willow may 
be cut through finom C to ^ without weakening it in the 
least, if the cut be filled up by a wedge of hard wood stuck 
in. 

We can only say, that very sound oak and red fir have 
the centre of efibrt so situated, that the absolute strength 
is to the relative strength in a proportion of not less than 
that of three and a half times the length of the beam to its 
depth. A square inch o£ sound oak will carry about 8000 
pounds. If this bar be firmly fixed in a wall, and project 
twelve inches, and be loaded at the extremity with 200 
pounds, it will be broken. It will just bear 190, its rela- 
tive strength being Jq of its absolute strength ; and this is 
the case only with me finest pieces, so placed that their 
annual plates or layers are in a vertical position. A larger 
log is not so strong transversely, because its plates lie in 
various directions round the* heart 
Prmctical These observations are enough to give us a distinct no- 
ijiferenoet. Uon of the vast diminution of the strength of timber when 
the strain is across it ; and we see the justice of the maxim 
which we inculcated, that the carpenter, in firaming roofs, 
should avoid as much as possible the exposing his timbers 
to transverse strains. But this cannot be avoided in all 
cases. Nay, the ultimate strain arising from the very na- 
ture of a roof is transverse. The rafters must carry their 
own weight, and tliii tends to break them across. An oak 
beam a foot deep wfll not carry its own weight if it project 
more than sixty feet Beades this, the rafters must carry 
the lead, tiling, or slates. We must therefore consider this 
transverse strain a little more particularly, so as to know 
what strain will be laid on any part by an unavoidable load, 
imposed either at that part or at any other. 
Effect when We have hitherto supposed, that the beam had one of its 
b ;ams are ends fixed in a wall, ana that it was loaded at the other end* 
supported Xhis is not an usual arrangement, and was taken merely as 
and lotted ^^^^^^S * simple application of the mechanical principles. 
in the mid- ^^ ^ much more usual to have the beam supported at the 
lUe. ends, and loaded in the middle. Let the beam FEGH 

fig> 2) rest on the props 
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and G, and be loaded 
at its middle point C with 
a weight W. It is re- 
quired to determine the 
strain at the section CD. 
It is plain that the beam 
will receive the same 
support, and suffer the ^ 
same strain, if, instead 
of the blocks £ and G, 
we substitute the ropes F/&, HA^, going over the pulleys / 
and fff and loaded with proper weights e and g. The weight 
€ IS equal to the support given by the block £ ; and g is 
equal to the support given by G. The sum of e and g is 
equal to W ; ana on whatever point W is hung, the weights 
tf and ^ are to W in the proportion of DG and DE to G£. 
Now, in this state of dimgs, it i^ypears that the strain on 
the section CD arises immediately firom the upward action 
of the ropes Ff and H^ or the upward pressions of the 
blocks £ and G ; and that the office of the weight W is to 
oUtge the beam to oppose this strain. Things are in the 
same state in respect of strain as if a block were substitut- 
ed at D for the weight W, and the weights e and g were 



hung on at £ and G, only the directions will be opposite. 
The beam tends to break in the section CD, because the 
ropes pull it upwards at£ and G, whilst a weight W holds 
it down at C. It tends to open at D, and C becomes the 
centre of firacture. The strain therefore is the same as if 
the half £D were fixed in the wall, and a weight equal to 
^, that is, to the half of W, were hung on at G. 

Hence we conclude, that a beam supported at both ends, 
but not fixed there, and loaded in the middle, will carry 
four times as much weight as it can carry at its extremity, 
when the other extremity is fiut in a wall. 

The strain occasioned at any point L by a weight W, 

DE 
hung on at any other point D, is = W X ^t^ X LG. For 

£G is to ED as W to the pressure occasioned at G. This 
would be balanced by some weight g acting over the pul- 
ley h; and this tends to break the beam at L, by acting 

DE 
on the lever GL. The pressure at G is W x p^^i and there- 

DE 
fore the strain at L b W X tttt X LG. 

EG 

In like manner, the strain occasioned at the point D by 

DE 
the weight W hung on there, is WXt^P X DG; which is 

therefore equal to ^ W when D is the middle point 

Hence we sec that the general strain on the beam aris- 
ing from one weight, is proportional to the rectangle of 

the parts of the beam (for ^^^l^^l^ is as DE X DG), 

and is greatest when the load is laid on the middle of the 
beam. 

We also see, that the strain at L by a load at D, is 
equal to the strain at D by the same load at L. And the 
strain at L firom a load at D is to the strain by the same 
load at L as DE to LE. These are all very obvious corol- 
laries, and they sufficiently inform us concerning the strains 
which are produced on any part of the timber by a load 
laid on any other part 

If we now suppose the beam to be fixed at the two ends, 
that is, firmly firamed or held down by blocks at I and K, 
placed beyond E and G, or framed into posts, it will carry 
twice as much as when its ends were free. For suppose it 
sawn Uirough at CD, the wei^t W hung on there will be 
just sufficient to break it at £ and G. Now restore the 
connection of the section CD, it will require another weight 
W to break it there at the same time. 

Therefore, when a rafter, or any piece of timber, is 
firmly connected with three fixed points, G, E, I, it will 
bear a greater load between any two of them than if its 
connection with the remote point were removed ; and if it 
be fastened in four points, 6, E, I, K, it will be twice as 
strong in the middle part as without the two remote con- 
nections. 

One is apt to expect firom this that the joist of a floor 
will be much strengthened by being firmly built in the wall. 
It is a little strengUiened ; but die hold which can thus be 
given to it is much too short to be of any sensible service, 
and it tends greatly to shatter the waU, because, when it is 
bent down by a load, it forces up the wall with a momen- 
tum of a long lever. Judicious builders therefore take care 
not to bind the joists tight in the wall. But when the joists 
of adjoining rooms lie in the same direction, it is a great 
advantage to make Uiem of one piece. They are then 
twice as strong as when made in two lengths. 

It is easy to deduce firom these premises the strain on Inferencee. 
any point which arises firom the weight of the beam itself, 
or fi-om any load which is unifonnly diffused over the whole 
or any part We may always consider the whole of the 
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Soof. weight which is thus uniformly difiused oyer any part as hand, the power of withstanding a given strain applied at^Roof. 

"■^^•^-^ uniteid in the middle point of tfiat part ; and if the load is its extremity, or to any aliquot part of its length, is dimi- ^-^ ^ ^ 

not uniformly difiuseo, we may stUl suppose it united at its nishcd as the length increases, or is inversely as the lengdi ; 

centre of gravity. Thus, to know the strain at D arising and the strain arising from the weight of the beam also in- 

firom the weight of the whole beam, we may suppose the creases as the length. Therefore the power of resisting 

whole weight accumulated in its middle point D. Also the the strain actually exerted on it by the weight of the beam 

strain at L, arising from the weight of the part ED, is the is inversely as the square of the length. On the whole, 

same as if this weight were accumulated in tne middle noint therefore, the power of a beam to carry its own weight 

d of £D ; and it is the same as if half the weight of £D varies in the proportion of its depth directly and the square 

were hung on at D. For the real strain at L is the up- of its length mversely. 

ward pressure at 6, acUng by the lever GL. Now, calling As this strain is fi'equently a conuderable part of the 

the weight of the part DE e, this upward pressure will be whole, it is proper to consider it apart, and then to reckon 

« X dE hex DE ^^^1 ^° what remains for the support of any extraneous 

EG *^^ EG — * ^®*^ 

_^ ^ , , , .-J, - , . . In the next place, the power of a beam to carry any Power of 

Therefore the stram on the middle of a beam, arising j^^ ^j^j^j^ ^ uniformly diffiised over its length, must be beam to 
from ito own weight, or from any uniform load, is the weight inversely as the square of the length ; for the power of«^* ^"^^ 

of the beam or ito load X iS X DG ; that is, half the r*^i!^'H?» ^^^ f^ "PP^^ ^ '^T\^ "^ ^dl^ffuJ^' ' 

EG length (which is the case here, because the load may bco^er its 

weight of the beam or load multiplied or actmg by the lever conceived as accumulated at its centre of gravity, the length. 

£j) middle point of the beam) is inversely as the length ; and 

D6 1 for 7n^ b ^ the actual strain is as the length, and therefore its momen- 

^ , , . _ . - , .,*... ^**™ ** ** ^® square of the length. Therefore the power 

Also the stram at L, arising firom the weight of the beam, ^f ^ |,eam to carry a weight uniformly diffused over it, is 

or the uniform load, b i the weight of the beam or load inversely as the square of the length, 
acting by the lever LG. It is therefore proportional to jt ig here understood, that tiie uniform load is of some 

LG, and is greatest of aU at D. Therefore a beam of uni- determined quantity for every foot of die length, so tiiat 

K™ ^^aT^ throughout, uniformly loaded, wdl break m ^ |,eam of double length carries a double load, 
the middle. , , . • , We have hitherto supposed that the forces which tend Effect 

ttelation It IS of importance to know the relation between the ^ break a beam transversely are acting in a direction per- *ben the 

^iT? w *^* ^!°i ^"! *f weighto of tiie beams, or from any pendicular to Oie beam. This is always die case m level f5i^^° f . 

orst^ns ""'^^^^'y ^"*^*^ We have floors loaded in any manner; but in roofs, tiie action of^l^^^ " 

a,»d the re- j,^ ^^a^ ^^ ^^^^ ^^^^ 5^ f^ ^^ere m ^^ ^«^ ^"""^ *^. ^^. ^^"^, ^ "^^^^ ^""^^ 

Utive •* ^"^Jf "*^^"' •*"" *"^ '^»"'^ Du«;ii5«t «y ^ , will. %, gravity always acts m vertical lines. It may alio frequentiy 

•tren^ is a number to be discovered by experiment for every dif- Sappen» that a beam is strained by a force acting obliquely, 
ferent species of materials. Leaving out every circum- T^w modification of tiie strain la easily discussed. Sup- 
stance but what depends on tiie dimensions of tiie beam, Po«« "^^t tiie external force, which is measured by tiie 
viz. d; ^ and A we see that tiie relative strengtii is in tiie ^«g^t W in fig. 1, acts in the direction An/ instead of 
^^ AW. Draw Caf perpendicular to Ato. Then the mo- 

proportion of—?-, that is, as the breadth and the square of mentum of this external force is not to be measured by 

• Wx AC, but by W X <^C. The strain tiierefore by which 

the deptii directiy, and tiie length inversely. tiie fibres in tiie section of firacture DC are torn asunder, 

Now, to consider, first, the strain arising fi^m the weight ig diminished in the proportion of CA to O/, that is, in the 
of the beam itself, it is evident tiiat tiiis weight increases proportion of radius to the sine of tiie angle CAo', which 
m the same proportion witii the deptii, tiie breadtii, and tiie tiie beam makes witii tiie direction of tiie external force, 
length of the beam. Therefore its power of resisting this To apply this to our purpose m the most familiar man- 
strain must be as its deptii directiy, and the square of ito ner, let AB (fig. S) be an oblique 
length inversely. To consider this in a more popular man- rafter of a building, loaded with a Fig. S. 

ner, it is plain that the increase of breadth makes no change weight W suspended to any point C, 
in the power of resisting the actual strain, because the \oad and thereby occasioning a strain in 
and the absolute strength increase in the same proportion lome part D. We have already 
with the breadth. But, by increasing the depth, we in- geen, that the immediate cause of . 
crease the resisting section in the same proportion, and the strain on D is the re- action of the 
therefore the number of resisting fibres and the absolute support which is given to the point 
strength ; but we also increase the weight in the same pro- B. The rafter may at present be 
portion. This makes a compensation, and the relative considered as a lever, suraorted at 
strength is yet tiie same. But, by increasing the depth. A, and pulled down by the line CW. 
we have not only increased the absolute strength, but also This occasions a pressure on B, and 
its mechanical energy. For the resistance to firacture is tiie support acts ui the opposite di- 
the same as if the fiiU strength of each fibre was exerted rection to the action of tne lever, 
at the jwint which we called the centre of effort; and we tiiat is, in tiie direction B^ perpendicular to BA. This 
showed that the distance of this from the under side of die tends to break tiie beam in every part The pressure ex- 
beam was a certain portion (a half, a third, a fourth, &c.) ^ xAE 

of the whole depth of the beam. This distance is the arm erted at B is — ^d — » ^^ being a horizontal line. There- 
of the lever, by which the cohesion of the wood may be 

supposed to act Therefore this arm of the lever, and con- ^ ^. ^_. ^ T^ •« u W X AE ...^ „ , , 
sequentiy tiie energy of die resistance, increases in die pro- *^''® ^^ ®*™° at D will be ^3 X BD. Had die 

portion of the depth of the beam, and this remains uncom« u^ • 1 • u • * n *>i. ^ . t^. /. .1. 

^nsated by any^ncrease of th^ .train. On the whole, ''**" ^'^ ^^« horizontally, the .train at D, fiom the 

therefore, the power of the beam to sustain its own weight „^„u» w ,„^^a^ ., n 1 1 1,_ u ^^ AC 

increases in thVproportion of its depth. But, on the otSer *««ht W suspended at C. would have been-jg- 
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Roof. It is therefore diminished in the proportion of AC to AE, 
that is, in the broportion of radius to the cosine of the ele- 
vation, or in the proportion of the secant of elevation to the 
radius. 

It is evident, that this law of diminution of the strain is 
the same whether the strain arises fh>m a load on any part 
of the rafler, or from the weight o£ the railer itself, or from 
any load uniformly diffused over its length, provided only 
that these loads act in vertical lines. 

We can now compare the strength of roofs which have 
different elevations. Supposing the width of the building 
having dif- ^ ^ given, and that the weight of a square yard of cover- 
/aUons^ ^' ^^ ^^ ^^ given. Then, because the load on the rafler 
compared. ^"^ increase in the same proportion with its length, the 
load on the slant-side B A of the roof will be to the Imid of 
a similar covering on the half AF of the flat roof^ of the 
same widUi, as Ab to AF. But the transverse action of 
any load on AB, by which it tends to break it, is to that of 
the same load on AF as AF to AB. The transverse strain 
therefore is the same on both, the increase of real load on 
AB being compensated by the obliquity of its action. But 
the strengths of beams to resist equal strains, applied to si- 
milar points, or uniformly diffused over them, are inversely 
as their lengths, because the momentum or energy of the 
strain is proportional to the length. Therefore we power 
of AB to withstand the strain to which it is really eiroosed, 
is to the power of AF to resist its strain as AF to AB. If, 
therefore, a rafler AG c€ a certain scantling is just able to 
carry the roofing laid on it, a rafler A B of the same scant- 
ling, but more elevated, will be too weak in the pn^rtion 
of AG to AB. Therefore steeper roofs reouire stouter 
raflcrs, in order that they may be equally able to carry a 
roofing of equal weight per square yard. To be equally 
strong, they must be made broader, or placed nearer to each 
other, in the proportion of their greater length, or they must 
be made deeper in the subduplicate proportion of their 
length. The following easy construction will enable the 
artist not fiuniliar with computation to proportion the depth 
of the rafler to the slope or the roof. 

Let the horizontal line a /(fig- *) be the proper depth of 
a beam whose length is half tne 
width of the building ; that is, 
such as would make it fit for 
carrying the intended tiling laid 
on a flat roof. Draw the verti- 
cal line/6, and the line ab hav- 
ing the elevation of the rafler ; 
make ag equal to of, and de- 
scribe the semicircle ^aK^ ; draw 
ad perpendicular to ab, then ad 
is the required depth. The de- 
monstration is evidenL 

We have now treated in sufficient detail what relates to 
the chief strain on the component parts of a roof, namely, 
what tends to break them transversely ; and we have en- 
larged more on the subject than what the present occasion 
indispensably required, because the propositions which we 
have demonstrated are equally applicable to all framings of 
carpentry, and are even of greater moment in many cases, 
particularly in the construction of machines. These con- 
sist of levers in various forms, which are strained transverse- 
ly ; and similar strains frequendy occur in many of the sup- 
porting and connecting parts. We shall give, in another 
article, an account of the experiments which have been 
made by different naturalists, in order to ascertain the ab- 
solute strength of some of the materials which are most 
ffenerally framed together in buildings and engines. The 
house-carpenter will derive from them absolute numbers, 
which he can apply to his particular purposes by means of 
thepropositions which we nave now established. 

We prooeedy in the next place, to consider the other 
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strains to which the parts of roofs are exposed, in conse- 
quence of the support which they mutually give each other, 
and the pressures, or thrusts^ as they are c^led in the lan- 
guage of the house-carpenter, which they exert on each 
other, and on the walls or piers of the building. 

Let a beam or piece of timber AB (fig. 5) be suspended Effect of 
by two lines AC, BD ; or other 

let it be supported by two straini, At: 

props A£, BF, which are 
perfectly moveable round 
their remote extremities 
£, F, or let it rest on the 
two polished planes KAH, 
LBM. Moreover, let G 
be the centre of gravity 
of the beam, and let GN 
be a line through the cen- 
tre of gravity perpendicu- 
lar to the horizon, 'fhe 
beam will not be in equi- 
iibrio unless the vertical 
line GN either passes 
through P, the point in 
which the directions of the 

two lines AC, BD, or the directions of the two props EA, 
FB, or the perpendiculars to the two planes KAH, LBM in- 
tersect each otner, or is parallel to these directions. For the 
supports given by the lines or props are unquestionably 
exerted in the direction of their lengths, and it is well 
known in mechanics that the supports given by planes are 
exerted in a direction perpendicular to those planes in the 
points of contact; and we know that the weight of the 
beam acts in tiie same manner as if it were all accumulat- 
ed in its centre of gravity G, and that it acts in the direc- 
tion GN perpendicular to the horizon. Moreover, when a 
body is in equilibrio between three forces, they are acting 
in one plane, and their directions are either parallel or they 
pass through one point. 

The support given to the beam is therefore the same as 
if it were suspended by two lines which are attached to the 
single point P. We may also infer, that the points of sus- 
pension C, D, the points of support £, F, th^ points of con- 
tact A, B, and the centre of gravity G, are all in one ver- 
tical plane. 

When this position of the beam is disturbed by any ex- 
ternal force, there must either be a motion of the points A 
and B round the centres of suspension C and D, or of the 
props round these points of support £ and F, or a sliding 
of the ends of the beam along the polished planes KAH and 
LBM ; and in consequence of these motions the centre of 
gravity G will go out of its place, and the vertical line GN 
will no longer pass through the point where the directions 
of the supports intersect each other. If the centre of gra- 
vity rises by this motion, the body will have a tendency to 
recover its former position, and it will require force to keep 
it away from it. In this case the equilibrium may be said 
to be stable^ or the body to have stabilUy. But if the cen- 
tre of gravity descends when the body is moved from the 
position of equilibrium, it will tend to move still farther ; 
and so far will it be from recovering its former position, that 
it will now fall. This equilibrium may be called a tottering 
equilibrium* These accidents depend on the situations of 
the points A, B, C, D, £, F ; and they may be determin- 
ed by considering tiie subject geometrically. It does not 
much interest us at present ; it is rarely that the equili- 
brium of suspension is tottering, or that of props is stable. 
It is evident, that if the beam were suspended by lines from 
the point P, it would have stability, for it would swing like 
a pendulum round P, and therefore would always tend to- 
wards the position of equilibrium. The intersection of the 
lines of support would still be at P, and the vertical line 
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drawn through the centre of gravity, when in any other si- 
tuation, would be on that side of P towards which this cen- 
tre has been moved. Therefore, by the rules of pendulous 
bodies, it tends to come back. This would be more re- 
markably the case if the points of suspension C and D were 
on the same side of the point P with the points of attach- 
ment A and B ; for in this case the new point of intersec- 
tion of the lines of support would shift to the opposite side, 
and be still further from the vertical line through the new 
position of the centre of gravity. But if the points of sus- 
pension and of attachment are on opposite sides of P, the 
new point of intersection may shift to the same side with 
the centre of gravity, and lie beyond the vertical line. In 
this case the equilibrium is tottering. It is easy to perceive, 
too, that if the equilibrium of suspension from the points C 
and D be stable, the equilibrium on the props A£ and BF 
must be tottering. It is not necessary for our present pur- 
pose to engage more particularly in this discussion. 

It is plain that, with respect to the mere momentary 
equilibrium, there is no difference in the support by threads, 
props, or planes, and we may substitute die one for the 
other. We shall find this substitution extremely useful, 
because we easily conceive distinct notions of the support of 
a body by strines. 

Observe ftrther, that if the whole figure be inverted, 
and strings be substituted for props, and props for strings, 
the eouilibrium will ptill obtain. For by comparing "fig. 5 
with ng. 6, we see that the vertical line through the centre 
of gravity will pass through the intersection of the two 
strings or props ; and this is all that is necessary for the 
eouilibrium ; only it must be observed in the substitution 
ot props for threads, and of threads for props, that if it be 
done without inverting the whole figure, a stable equili- 
brium becomes a tottering one, and vice versa. 
fCxamples. This is a most useful proposition, especially to the unlet- 
tered artisan, and enables nim to make a practical use of 
problems which the greatest mechanical geniuses have found 
it no easy task to solve. An instance will show the extent 
and utility of it. Suppose it were required to make a man- 
sard or kirb roof whose width 
is AB (fig. 7), and consisting 
of the four toial rafters 
AC, CD, DE, EB. There 
can be no doubt but that 
its best form is that which 
will put all the parts in 
equilibrio, so that no ties or 
stays may be necessary for 
opposing the unbalanced ^^ 
thrust of any part of it. Make a chain acdeb (fig. 8) of four 
equal pieces, loosely con- 
nected by pin-joints, round Fig. H. 
which the parts are per- 
fectly moveable. Suspend ,.'''' 'v 
this from two pins a, 6, 
fixed in a horizontal line. 
This chain or festoon will 
arrange itself in such a 
form that its parts are in ^J^ y* 
equilibrio. Then we know" 
that if the figure be invert- 
ed, it will compose the 
frame or truss of a kirb- 
roof aydiA, which is also 
ill equilibrio, the thrusts of 
the pieces balancing each 
other in the same manner that the mutual pulls of the hang- 
mg festoon aedeb did. If the proporticm of the height df 
to the width ab is not such as pleases, let the pins a, 6 be 
placed nearer or more distant, till a proportion between the 
mdth and height is obtained which pleases, and then make 
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the figure ACDEB, i^g. 7, similar Boot 

to it. It is evident that this pro- 
position will apply in the same 
manner to the determination of the 
form of an arch of a bridge ; but 
this is not a proper place for a fur- 
ther discussion. 

We are now enabled to compute 
all die thrusts and other pres- 
sures which are exerted by the 
parts of a roof on each other and 
on the walls. Let AB (fig. 9) be 
a beam standing anyhow oblique- 
ly, and G its centre of gravity. 
Let us suppose that the ends of 
it are supported in any directions 
AC, BD, by strings, props, or 
planes. Let these directions meet 
in the point P of the vertical line 
PG passing through its centre of 
gravity. Through G draw lines 
Go, Gb parallel to PB, PA. Then 

The weight of the beam 1 

The pressure or thrust at A > is 

And the pressure at B I 

For when a body is in equilibrio between three forces, 
these forces are proportional to the sides of a triangle which 
have their directions. 

In like manner, if A ^ be drawn parallel to P 6, we shall 
have 

Weight of the beaml 

Thrust on A > proportional 

And thrust on B 1 
Or, drawing By parallel to Pa, 

Weight of the beam 1 

Thrust at A > proportional 

And thrust at B ) 

It cannot be disputed that« if strength alone be con- The pro- 
sidered, the proper form of a roof is that which puto the P^' ^^p^ ""^ 
whole in eouilibrio, so that it would remain in that shape 'jj^'J^^/^^j. 
although all the joints were perfectiy loose or flexible. If puu the 
it has any other shape, addiUonal ties or braces are neces* whole in 
sary for preserving it, and the parts are unnecessarily strain- equiU- 
ed. When this equilibrium is obtained, the rafters which hno. 
compose th^ roof are all acting on each other in the direc- 
tion of their lengths ; and by this action, combined with 
their weights, they sustain no strain but that of compres- 
sion, the strain of all others that they are the most able to 
resist. • We may consider them as so many inflexible lines 
having their weights accumulated in their centres of gra- 
vity. But it will allow an easier investigation of the sub- 
ject, if we suppose the weights to be at the joints, equal to 
the real vertical pressures wnich are exerted on tiiese points. 
These are very easily computed ; for it is plain, that the 
weight of the beam AB (fig. 9) is to the part of this weight 
that is supported at B as AB to AG. Therefore, if W 
represent the weight of the beam, the vertical pressure at 

AG 

B will be W X -jg, and the vertical pressure at A will be 

W X jg. In like manner, Uie prop BF being considered 
as another beam, and /as its centre of gravity and lo as its 
weight, a part of this weight, equal lowx ^, is support- 

AG 

ed at B, and the whole vertical pressure at B is W X 7-5 

Ad 

/F 
+ toX op. And thus we greatly simplify the considera- 
tion of the mutua] thrusts of roof frames. We need liarrl- 
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Uoof. ly observe, that although these pressures by which the parts 
of a frame support each other in opposition to the vertical 
action of gravity, are always exerted in tlie direction of the 
pieces, they may be resolved into pressures acting in any 
other direction which may engage our attention. 

All that we propose to deliver on this subject at present 
may be included in the following proposition. 

I^t ABODE (fig. 10) be an assemblage of rafters in a 




force ic is the equivalent of the contractile forces ck, em^ 
and is therefore equal and opposite to the force of gravity 
acting at C. In like manner, make dn =z c»i, and com- 
plete the parallelogram ndpo, having the vertical line od for 
its diagonal. Then dn and dp are the contractile forces ex- 
cited at df and the weight hanging there must be equal to od. 
Therefore, the load at 6 is to the load at d as bg to ilo. 
But we have seen that the compressing forces at B, C, D 
may be substituted for the extending forces at 6, c, d. 
Therefore the weights at B, C, D which produce the com- 
pressions, are equal to the weights aihy e^d which produce 
the extensions. Therefore 
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vertical plane> resting on two fixed points A and E in a ho- 
rizontal line, and penectly moveable round all the joints A, 
B, C, D, E ; let it be further supposed to be in equilibrio, 
and let us investigate what adjustment of the different cir- 
cumstances of weight and inclination of its different parts 
is necessary for producing this equilibrium. 

Let F, G, H, I, be the centres of gravity of the different 
raflers, and let these letters express the weights of each. 
Then, by what has been said above, the weight which 

presses B directly downwards is F X -j^ + G X ^p-. 

The weight on C is in like manner G X g^ + D X -p?^* 

CH EI 

and that on D U H X ^ + I X 0g. 

Let AbcdE be the figure ABODE inverted, in the man- 
ner already described. It may be conceived as a thread 
fastened at A and E, and loaded at 6, c, and d with the 
weights which are really pressing on B, 0, and D. It will 
arrange itself into such a form that all will be in equilibrio. 
We may discover this form by means of this single con- 
sideration, that any part be of the thread is equally stretched 
throughout in the direction of its length. Let us therefore 
investigate the proportion between the weight j3, which we 
suppose to be pulling the point b in the vertical direction 
bp, to the weight ^ which is pulling down the point din a 
similar manner. It is evident, that since AE is a horizon- 
tal line, and the figures Abcd^ and ABODE eoual and si- 
milar, the lines B6, Ce, Dd^ are vertical. Take ^to repre- 
sent the weight hanging at b. By stretching die threads 
b\ and be it is set in opposition to the contractile powers 
of the threads, acting in the directions 6A and be, and it is 
in immediate equilibrio with the equivalent of these two 
contractile forces. Therefore make bg equal to bf, and 
make it the diagonal of a parallelogram hbig. It is evident 
that bhy 6t, are the forces exertea by the threads 6A, be. 
Then, seeing that the thread be is equally stretched in both 
directions, make eft equal to ^' ; eft is the contractile force 
which is excited at e by the weight which is hanging 
there. Draw ki parallel to edj and Im parallel to 6c. The 



Let us inquire what relation there is between this pro- 
portion of the loads upon the joints at B and D, and the 
angles which the raflers make at these joints with each 
other, and with the horizon or the plumb-lines. Produce 
AB till it cut the vertical Oc in Q ; then draw BR parallel to 
OD, and BS parallel to DE. The similarity of the figures 
ABODE and AbedE^ and the similarity of their position 
with respect to the horizontal and plumb lines, show, with- 
out any further demonstration, that the triandes QOB and 
gbi are similar, and that QB :BC = gi:ib^Miib. There- 
fore QB is to BO as the contractile force exerted by the 
thread Ab to that exerted by be; and therefore QB is to 
BO as the compression on BA to the compression on BO.' 
Then, because ^t is equal to eft, and the triangles OBR and 
ckl are similar, OB : dR = eft : ft/ z= eft : em, and OB is to 
BR as the compression on OB to the compression on OD. 
And, in like manner, because em =: dn, we have BR to BS 
as the compression on DO to the compression on DE. 
Also BR iRS = ndido, that is, as the compression on DO 
to the load on D. Finally, combining all tnese ratios, 

QCiCB=zgbi bi =: gb : kc, 

OB : BR = fte : ft/ = fte : c/9f, 

BR : BS = nd I no =1 dn inOf 

BS : RS =no:do=:no:doy weliave finally 

QO: RS =zgb'.od=z\oadatB: load at D. 

Now 

QO : BO = sin. QBO : sin. BQO = sin. ABO : sin. AB6, 
BO : BR = sin. BRO : sin. BOR = sin. CDd : sin. 6B0, 
BR : RS = sin. BSR : sin. RBS = sin. dDE : sin. ODE. 

Therefore 
QO : RS = sin. ABO sin. CDd sin. dDE : sin. ODE sin. 
ABb sin. bBC. 

Or 

QC • RS = "°- ^^^ . 8in. CDE 

sin. AB6 sin. CBb ' sin. c/DO sin. dDE 

That is, the loads on the different jcints are as the sines 
of the angles at these joints directly, and as the products of 
the sines of the angles which the rafters make with the 
plumb-lines inversely. 

Or, the loads are as the sines of the angles of the joints 
directly, and as the products of the cosines of the angles of 
elevation of the rafters inversely. 

Or, the loads at the joints are as the sines of the angles 
at the joints, and as the products of the secants of the angles 
of elevation of the rafters jointly ; for the secants of angles 
are inversely as the cosines. 

Draw the horizontal line BT. It is evident, that if this 
be considered as the radius of a circle, the lines BQ, BO, 
BR, BS are the secants of the angles which these lines 



* This proportion mi^fat have been shown directly without any use of the inverted figure, or consideration of contractile forces ; but 
the substitution gives distinct notions of the mode of acting, even to persons not much conversant in such disquisitions ; and we wish to 
make it familiar to the mind, because it gives an easy solution of the most complicated problems, and furnishes the practical carpenter, 
who has Uitle science, with solutions of the most difficult coses bv experiment. A festoon, as we called it, may easily he made ; and we 
<tfe certain that the forms into which it will arrange itself are moa«els of perfect frames. 
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make with the horizon ; and they are also as the thrusts 
of those rafters to which they are parallel. Therefore, the 
thrust which any rafter makes in its own direction is as the 
secant of its elevation. 

The horizontal thrust is the same at all the angles. For 
w = Ax =: muk = nv = /mt. Therefore both walls are equally 
pressed out by tlie weight of the roof. We can find its 
quantity by comparing it with the load on one of the joints. 
Thus, QC : CB = sin. ABC : sin. AB6 

BC : BT = rad. : sin. BCT = rad. : sin. CB& 
Therefore, QC : BT = rad. X sin. ABC : sin. bBA X slh. 
6BC. 

It deserve remark, that the lengths of the beams do not 
affect either the proportion of the load at the different 
joints, or the position of the rafters. This depends merely 
on the weights at the angles. If a change of length affects 
the weight, it indeed affects Uie form also ; and this is 
generally the case. For it seldom happens, indeed it never 
should happen, that the weight on rafters of longer bearing 
u not greater. The covering alone increases nearly in the 
proportion of the length of the rafter. 

if the proportion of the weights at B, C, and D is given, 
as also the position of any two of the lines, the position of 
all the rest is determined. If the horizontal distances be- 
tween the angles are all eoual, the forces on the different 
angles are proportional to tlie verticals drawn on the lines 
through these aisles from the adjoining angle, and the 
thrusts from the ac^oining angles are as the lines which con- 
nect them. If the rafters themselves are of equal lengths, 
the weights at the different angles are as these verticals and 
as the secants of the angles of elevation of tlie rafters jointly. 

This proposition is very fhiitftil in its practical conse- 

auences. It is easy to perceive that it contains the whole 
iieory of the construction of arches ; for each stone of an 
arch may be considered as one of the rafters of this piece 
of carpentry, since all is kept up by its mere equilibrium. 
We may have an opportunity in a future article of exhi- 
biting some very elegant and simple solutions of the most 
difficult cases of this important problem ; and we now pro- 
ceed to make use of the knowledge we have acquired for 
the construction of roofs. 

We mentioned by the by a problem which is not un- 
frequent in practice, to determine the best form of a kirb- 
roof. M. Couplet of the Royal Academy of Paris has given 
a solution of it in an elaborate memoir in 1726, occupying 
several lemmas and theorems. 
Let AE (fig. 11) be the width, and CF the height; it 

Fig. 11. 



is required to construct a roof ABCDE, whose rafters AB, Boot 
BC, CD, D£, are all equal, and which shall be in equili- 
brio. 

Draw CE, and bisect it perpendicularly in H by the line 
DHG, cutting the horizontal line AE in G. About the 
centre G, with the distance GE, describe the circle EKC 
It must pass through C, because CH is eaual to HE and 
the angles at H are equal. Draw HK parallel to FE, cut* 
tine the circumference in K ; draw CK, cutting GH in D ; 
ana join CD, ED. These lines are the rafters of half of the 
roof required. 

We prove this by showing that the loads at the angles C 
and D are equal ; for this is the proportion which results 
fit>m the equality of the rafters, and uie extent of surface 
of the uniform roofing which they are supposed to support. 
Therefore produce ED till it meet the vertical FC in N ; 
and having made the side CBA similar to CDE, complete 
the parallelogram BCDP, and draw DB, which will bisect 
CF in R, as the horizontal line KH bisects CF in Q. Draw 
KF, which is evidently parallel to DP. Make CS perpen- 
dicular to CF, and equal to FG ; and about S, with the ra- 
dius SF, describe the circle FKW. It must pass tliruugh 
K, Ljcause SF is equal to CG, and CQ = QF. Draw 
WK, WS, and produce BC, cutting ND in O. 

The ande W KF at the circumference is one half of the 
angle WSF at the centre, and is therefore equal to WSC 
or CGF. It is therefore double of the angle CEF or ECS. 
But ECS is equal to ECD and DCS, and ECD is one half 
or NDC, and DCS is one half of DCO or CDP. There- 
fore the angle WKF is equal to NDP, and WK is parallel 
to ND, and CF is to CW as CP to CN ; and CN is equal 
to CP. But it has been shown above that CN and CP are 
as the loads upon D and C. These are therefore equal, and 
the frame ABCDE is in equilibrio. 

A comparison of this solution with that of M. Couplet 

will show its great advantaee in respect of simplicity and 

perspicuity ; and the intelligent reader can easily adapt 

the construction to any proportion between the rafters AB 

and BC, which other circumstances, such as garret-rooms, 

&c may render convenient. The construction must be 

CD -4- DE 
such that NC may be to CP as CD to - ~^ 
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ever proportion of AB to BC is assumed, the point I> will 
be found in the circumference of a semicircle n.'D7i\ whose 
centre is in the line CE, and having AB : BC = CH' : H'E 
= ch^ : hfK, The rest of the construction is simple. 

In buildings which are roofed with slate, tile, or shingles, 
the circumstance which is most likely to limit the construc- 
tion is the slope of the yspoer raftere CB, CD. This must 
be sufficient to prevent tne penetration of rain, and the 
stripping by the winds. The only circumstance left in our 
choice in this case is the proportion of the rafters AB and 
BC. Nodiing is easier than making NC to CP in any de- 
nred proportion when the angle BCD is given. 

We need not repeat that it is always a desirable thing to The truss 
form a truss for a roof in such a manner that it shall be in for a root 
equilibrio. When this is done, the whole force of the struts *l'o*»'^»l- 
and braces which are added to it is employed in preserving ^^^^j;* 
this form, and no part is expended in unnecessary strains. 
For we must now observe, that the equilibrium of which we 
have been treating is always of diat kind which we call the 
tottering, and the roof requires stays, braces, or hanging 
timbers, to give it stiffness, or keep it in shape. We have 
also said enough to enable any reader acquainted with the 
most elementary geometry and mechanics, to compute the 
transverse strains and the thrusts to which tlie component 
parts of all roofs are exposed. 

It only remains now to show the eeneral maxims by General 
which all roofs must be constructed, ana the circumstances maxims for 
which determine their excellence. In doing this we shall all ro(i&. 
be exceedingly brief, and almost content ourselves with #ix- 
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hibiting the principal forms, of which the endless variety 
ct roofs are only slight modifications. We shaJl not double 
the reader with any account of such roots as receive part of 
their support from the interior walls* but confine ourselves 
to the more difficult problem of throwing a roof over a wide 
building, without any intermediate support ; because when 
such roofs are constructed in the best manner, that is, de- 
riving the greatest possible strength from the materials em- 
ploy^ the best construction of the others is necessarily 
mduded. For all such roofs as rest upon the middle walls 
are roofs of smaller bearing. The only exception deserving 
notice is the roofs of churches, which have aisles separated 
from the nave by columns. The roof must rise on these. 
But if it is of an arched form internally, the horizontal 
thrusts must be nicely balanced, that they may not push 
the columns aside. 

The simplest notion of a roof-frame is, that it consists of 
two rafters AB and BC {^g> 12), meeting in the ridge. 

Fig. 12. 




Fig. 13. 



But even this simple form is susceptible of better and worse. 
We have already seen, that when the weight of a square 
yard of covering is given, a steeper roof requires stronger 
rafters, and that when the scantling of the timbers is also 
eiven, the relative strength of a rafter is inversely as its 
length. 
B«st form But there is Dow another circumstance to be taken in- 
of rafters, to the account, viz. the support which one rafter leg gives 
to the other. The best form of a rafter will thererore be 
that in which the relative strength of the legs, and their 
mutual support, give the greatest product Mr Muller, in 
bis Military Engineer, gives a determination of the best 
pitch of a roof, which has considerable ingenuity, and has 
been copied into many books of 
military education both in this 
island and on the continent. De- 
scribe on the width AC (fig. IS) 
the semicircle AFC, and bisect it 
by the radius FD. Produce the 
rafter AB to the drcumferenoe 
in £, join EC, and draw the per- 
pendicular EG. Now AB : AD 

= AC : AE, and AE= — ^ » and AE is inversely 

as AB, and may therefore represent its strength in relation 
to the weight actually lying on it. Also the support which 
CB gives to AB is as CE, because CE is perpendicular to 
AB. Therefore the form which renders AE X EC a maxi- 
mum seems to be that which lias the greatest strengUi. 

But AC : AE = EC : EG, and EG = ^^^^^ , and is 

therefore proportional to AE X EC. Now EG is a maxi- 
mum when B is in F, and a square pitch is in this respect 
the strongest. But it is very doubtfiil whether this con- 
struction is deduced from just principles. There is an- 
other strain to which the leg AB is exposed, which is not 
taken into tbe^ account. Th\s arises from the curvature 
which it unavoidably acquires by the transverse pressure of 
Its load. In this state it is prened in its own direction by 
the abutment and load of the other leg. The relation be- 




tween this strain and the resistance of the piece is not very 1^'K>^ 
distinctly known. Euler has given a dissertation on this ^*— ^'-•^ 
subject, which is of great importance, because it affects 
posts and pillars of all kinds ; and it is very well known ttiat 
a post of ten feet long and six inches square will bear with 
great safety a weight which would crush a post of the same 
scantling and twenty feet long in a minute ; but his dc* 
termination has not been acquiesced in by the first mathe- 
maticians. Now it is in relation to these two strains that 
the strength of the rafter should be adjusted. The firm- 
ness of the support given by the other leg is of no conse- 
quence, if its own strength is inferior to we strain. The 
force which tends to cnuh the leg AB, by compressing it 
in its curved state, is to its weight as AB to BD, as is 
easily seen by the composition of forces ; and its incurva- 
tion by this force has a relation to it, which is of intricate 
determination. It is contained in the properties demon- 
strated by Bernoulli of the elastic curve. Tliis determina- 
tion also includes the relation between the curvature and 
the lengUi of the piece. But the whole of this seemingly 
simple problem is of much more difficult investigation than 
Mr Muller was aware of; and his rules for the pitch of a 
roof, and for the sally of a dock-gate, which depends on tiie 
same principles, are of no value. He is, however, the first 
author who attempted to solve either of these problems on 
mechanical principles susceptible of precise reasoning. Be- 
lidor's solutions, in his Arihitedure Hydraylique^ are be- 
low notice. 

Reasons of economy have made carpenters prefer a low 
pitch ; and although tiiis does diminish the support given 
by the opposite leg faster than it increases the reuitive 
strength of the other, it is not of material consequence, 
because the strength remaining in the opposite leg is still 
very great ; for the supporting leg is acting against com- 
pression, in whicL case it is vastly stronger thim the sup- 
ported leg actine against a transverse strain. 

But a roof of this simplicity will not do in most cases. Thrust vn 
There is no notice taken, in its construction, of the thrust^® ^"^'^* 
which it exerts on the walls. Now this is the strain which 
is the most hazardous of all. Our ordinary walls, instead of 
being able to resist any considerable strain pressing them 
outwards, require, in general, some ties to keep them on 
foot. When a person thinks of the thinness and height of 
the walls of even a strong house, he will be surprised that 
they are not blown down by any strong puff of wind. A 
wall three feet thick, and sixty feet high, could not with- 
stand a wind blowing at the rate of thirty feet per second 
(in which case it acts with a force consicferably exceeding 
two pounds on every square foot), if it were not .stiffened 
by cross walls, joists, and roof, which all help to tie the dif- 
ferent parts of the building together. 

A carpenter is therefore exceedingly careful to avoid every How thii ii 
horizontal thrust, or to oppose them by other forces. And*^^^*'^^^* 
this introduces another essential part into the construction 
of a roof, namely, the de or beam 
AC (fig. 14), laid from wall to wall, 
binding the feet A and C of the 
raflers tosether. This is the sole 
office of the beam ; and it should 
be considered in no other light 
than as a string to prevent the roof 
from pushing out the walls. It is 
indeed used for carrying the ceiling 

of the apartments under it, and it b even made to sup- 
port a flooring. But, considered as making part of a roof, 
It is merely a string ; and the strain which it withstands 
tends to tear its parts astmder. It therefore acts with its 
whole absolute force, and a very small scantling would suf- 
fice if we could contrive to fasten it firmly enough to tiie 
foot of the rafier. If it is of oak, we may safely subject it 
to a strain of thiec tons for every square inch of its scc^ 
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tinn. And fir will safely bear a strain of two tons for every 
square inch. But we are obliged to give the Ue-beam 
much larger dimensions, that we may he able to connect it 
with the foot of the rafter by a mortise and tenon. Iron 
•traps are also frequently added. By attending to this of- 
fice of the tie-beam, the judicious carpenter is directed to 
the proper form of the mortise and tenon, and of the strap. 
We shall consider both of these in a proper place, afler we 
become acquainted with the various strains at the joints of 
a roof. 

These large dimensions of tlie tie-beam allow us to load 
it with the ceilings without any risk, and even to lay floors 
on it with moderation and caution. But when it has a great 
bearing or span, it is very apt to bend downwards in the 
middle, or, as the workmen term it, to sway or swag ; and 
it requires a support. The question is, where to find this 
support. What fixed points can we find with which to 
connect the middle of tne tie-beam ? Some ingenious car- 
penter thought of suspending it from the ridge by a piece 
of timber BD (fig. 15), called 
by our carpenters the king^post, pig. 15. 

It must be acknowledged, that 
there was very great ingenuity 
in this thought. It was aJso per- 
fectly just* For the weight of 
the rafters BA, BC tends to 
make them fly out at the foot, j^ 
This is prevented by the tie- 
beam,^ and this excites a pressure, by which they tend to com- 
press each other. Suppose them without weight, and that a 
great weight is laid on the ridge B. This can be supported 
only by the abutting of the raflers in their own directions AB 
ancl CB, and the weight tends to compress them in the op- 
posite dircrtions, and, through their intervention, to stretch 
the tie-beam. If neither the rafters can be compressed, nor 
the tie-beam stretched, it is plain that the triangle ABC 
must retain its shape, and that B becomes a fixed point 
very proper to be used as a point of suspension. To this 
point, therefore, is the tie-beam suspended by means of the 
icing-post. A common spectator unacquainted with carpen- 
try views it very differently, and the tie-beam appears to 
him to carry the roof. The king-post appears a pillar rest- 
ing on the beam, whereas it is really a string ; and an iron 
rod of one sixteenth of the size would have done just as 
well. The king-post is sometimes mortised into Uie tie- 
beam, and pins put through the joint, which gives it more 
the look of a pillar with the roof resting on it. This does 
well enough in many cases. But the best method is to 
connect them by an iron strap like a stirrup, which is bolted 
at its upper ends into the king-post, and passes 
round the tie-beam. In this way a space is Fig. 16* 
commonly left between the end of the king-* 
post and the upper side of the tie beam. Here 
the beam plainly appears hanging in the stir- ^ 
rup ; and this method allows us to restore the 
beam to. an exact level, when it has sunk by 
the unavoidable compression or other yielding p, 
of the parts. The noles in the sides of the & 
iron strap are made oblong instead of round ; ^ 
and the bolt which is drawn through all is made 
to taper on the under side ; so that driving it 
farther draws the tie-beam upwards. A notion of this may 
be formed by looking at ^g, 16, which is a section of that 
post and beam. 

It requires considerable attention, however, to make this 
suspension of the tie-beam sufficiently firm. The top of the 
king-post is cut into the form of the arch-stone of a bridge, 
and tne heads of the ratters are firmly mortised into wis 
projecting part. These projections are called joggles, and 
are formed by working tne king-post out of a much largei 
piece of timber, and cutting off the unnecessary wood from 






the two sides ; and, lest all this should not be sufficient, it is 
usual in great works to add an iron plate or strap of three 
branches, which are bolted into the heads of the king-post 
and rafters. 

The rafters, though not so long as the beam, seem to 
stand as much in need of something to prevent their bend* 
ing, for they carry the weight of the covering. This cannot 
be done by suspension, for we have no fixed points above 
them. But we nave now got 
a very firm point of support Fig. 17. 

at the foot of the king-post. 
Braces^ or rather siruis, £D, 
FD (fig. 17), are put under the 
middle of the rafters, where 
they are slightly mortised, and 
their lower ends are firmly 
mortised into joggles finrmed 
on the foot of the king-post. 
As these braces are very powerful in their resistance to com- 
pression, and the king- post equally so to resist extension, 
the points £ and F may be considered as fixed ; and the 
rafters being thus reduced to half their former length, have 
now four times their former relative strength. 

Roofs do not always consist of two sloping sides meeting Comtruc- 
in a ridge. They have sometimes a flat on the top, withtion of aa^ 
two slopping sides. They are sometimes formed with a topped 
double slope, and are called kirb or fnansarde mofs* They "^'^* 
sometimes have a valley in the middle, and are then called 
M roofs. Such roofs require another piece^ which may be 
called the tnut'-heamy because all such frames are called 
trussesy probably firom the French word IrtnoM, because 
such roo& are luce portions of plain roofs trou$Us or short- 
ened. 

A flat-topped roof is thus constructed. Suppose the three 
rafters AB, BC, CD (fig. 18), 
of which AB and CD are 
equal, and BC horizontal. It 
is plain that they will be in 
equilibrio, and the roof have 
no tendency to go on either 
side. The tie-beam AD with- 
stands the horizontal thrusts 
of the whole frame, and the ^ 
two rafters AB and CD are 
each pressed in their own di- 
rections in consequence of their abutting with the middle 
rafter or truss-beam BC. It lies between them like the 
key- stone of an arch. They lean towards it, and it rests 
on them. The pressure which the truss-beam and its 
load excites on the two rafters is the very same as if the 
rafters were produced till they meet in G, and a weight 
were laid on these equal to that of BC and its load. If 
therefore the truss-beam is of a scantling sufficient for car- 
rying its own load, and withstanding the compression firom 
the two rafters, the roof will be equally strong, whilst it 
keeps its shape, as the plain roof AGD, furnished witli 
the king-post and braces. We may conceive this another 
way. Suppose a plain roof AGD, witliout braces to sup- 
port the middle B and C of the rafters. Then let a 
beam BC be put in between the rafters, abutting upon little 
notclies cut in the rafters. It is evident that this must pre- 
vent the rafters from bending downwards, because the points 
B and C cannot descend, moving round the centres A and 
D, without shortening the distance BC between them. This 
cannot be without compressing the beam BC. It is plain 
that BC may be wedged in, or wedges driven in between 
its ends B and C and the notches in which it b lodged. 
These wedges may be driven in till they even force out 
the rafters GA and GD. Whenever this happens, all the 
mutual pressure of the heads of these rafters at G is taken 
away, and the parts GB and GC may be cut away, and the 
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roif ABCD will be as strong as the roof AGD furnished 
with the king-post and braces, because the truss-beam gives 
a support of the same kind at B and C as the brace would 
have done. 

But this roof ABCD would have no firmness of shape. 
Any addition of weight on one side would destroy; the equi- 
librium at tlie angle, would depress that angle, and would 
cause the opposite one to rise. To give it stiffness, it must 
either have ties or braces, or something partaking of the 
nature of both. The usual method of framing is to make 
tlie heads of the raflers abut on the joggles of two side- 
posts BE and CF, whilst the truss-beam, or strut as it is 
generally termed by the carpenters, is mortised square into 
the inside of the heads. The lower ends £ and F of the 
side-posts are connected with the tie-beam either by mor- 
tises or strqw. 

This construction gives firmness to the firame ; for the 
angle B cannot descend in consequence of any inequality 
of pressure, without forcing the other angle C to rise. This 
it cannot do^ being held down by the post CF. And the 
same construction fortifies the tie-beam, which is now sus- 
|)ended at the points £ and F from the points B and C, 
whose firmness we have just now shown. 

But although this roof may be made abundantly strong, 
it is not quite so strong as the plain roof AGD of the same 
scantling. The compression which BC must sustain in or- 
der to give the same support to the rafters at B and C that 
was given by braces properly placed, is considerably greater 
than the compression of the braces. And this strain is an 
addition to tne transverse stnun which BC gets from its 
own load. This form also necessarily exposes the tie-beam 
to cross strains* If BE is mortised into the tie-beam, then 
the strain which tends to depress the angle ABC presses on 
the tie-beam at £ transversely, whilst a contrary strain acts 
on F, pulling it upwards. These strains, however, are small ; 
and this construction is frequently used, being susceptible 
of sufficient strength, without much increase of the dimen- 
sions of the timbers ; and it has the great advantage of giv- 
ing free room in the garrets. 
Were it not for this, there is Fig. 19. 

a much tnore perfect form 
represented in fig. 19. Here 
the two podts BE, CF are 
united below. All transverse 
action on the tie-beam is now 
entirely removed. We are 
almost disposed to say that this is the strongest roof of the 
same widtn and slope. For if the iron strap which connects 
the pieces BE, CF with the tie-beam }iave a large bolt G 
through it, confining it to one point of the beam, there 
are five points, A, B^ C, D, G, woich cannot change their 
places, and there is no transverse strain in any of the con- 
nections. 

When the dimensions of the building are very great, so 
that the pieces AB, BC, CD, would be thought too weak 
for withstanding the cross strains, braces may be added as 
is expressed in fig. 18 by the dotted lines. The reader will 
observe, that it is not meant to leave the top flat external* 
ly ; it must be raised a little in the middle, to shoot off the 
rain. But this must not be done by incurvating the beam 
BC. This would soon be crushed, and sprint upwards. 
The slopes must be given by pieces of timber addea above 
the strutting-beam. 

And thus we have completed a frame of a roof. It con- 
sists of these principal members : the rafters, which are im- 
mediately loaded with the covering ; the tie-beam, which 
withstands the horizontal thrust by which the roof tends to 
fly out below and push out the walls ; the king-posts, which 
hang from fixed points and serve to uphold the tie-beam, 
and also to afford other fixed points on which we may rest 
the braces which support the middle of the raflers; and, 




lastly, the truss or strutting-beam, which serves to give mu« Hoof, 
tual abutment to the different parts which are at a distance """^-v*"^ 
firom each other. The raflers, braces, and trusses are ex- 
posed to compression, and must therefore have not only co- 
hesion, but stiffness. For if they bend, the prodigious com- 
pressions to which they are subjected would quickly crush 
them in this bended state. The tie-beams and king-posts, 
if performing no other office but supporting the roof, do not 
require stiffness ; and their places might be supplied by ropes, 
or by rods of iron of one-tenth part of the section that even 
the smallest oak stretcher requires. These members re- 
quire no greater dimensions than what is necessary for giv- 
ing sufficient joints, and any more is a needless expense. All 
roofs, however complicated, consist of these essential parts { 
and if pieces of timber are to be seen which perform none 
of these offices, they must be pronounced useless, and they 
are frequently hurtful, by producing cross strains in some 
other piece. In a roof properly constructed there should 
be no such strains. All the timbers, excepting those which 
immediately carry the covering, should be either pushed or 
drawn in the direction of their length. And this is the rule 
by which a roof should always be examined. 

These essential parts are susceptible of numberless com- They nre 
binations and varieties. But it is a prudent maxim to make susceptible 
the construction as simple, and consisting of as few parts, ff """^^-1 
as possible. We are the less exposed to the imperfections of im^^^g ^'^ 
workmanship, such as loose joints, &c. Another essential varieties, 
harm arises from many pieces, by the compression and the 
shrinking of the timber in the cross direction of the fibres* 
The effect of this is equivalent to the shortening of the piece 
which abuts on the joint. This alters the proportions of 
the sides of the triangle on which the shape of the whole 
depends. Now, in a roof such as fig. 18, there is twice as 
much of this as in the plain pent-roof, because there are 
two posts. And when the direction of the abutting pieces 
is very oblique to the action of the load, a small shrinking 
permits a great change of shape. Thus, in a roof of what 
is called pediment pitch, where the raflers make an angle 
of thirty degrees with the horizon, half an inch compres- 
sion of the king-post will produce a sagging of an inch, and 
occasion a great strain on the tie-beam, if the posts are mor- 
tised into it. 

This method of including a truss within the raflers of a 
pent-roof is a very considerable addition to the art of car- 
pentry. But to insure its full effect, it should always be 
executed with abutting raflers under the principal ones, 
abutting on joggles in ue heads of the posts. Without this 
the strut-beam is hard- 
ly of any service. We Fig. 20. 
would therefore recom- 
mend fig. 20 as a 
proper construction of 
a trussed roof; and 
the king- post which is 
placed in it may be em- 
ployed to support the 

upper part of^ the raflers, and also for preventing the strut- 
beam from bending in their direction in consequence of 
its great compression. It will also give a suspension fi^r 
the great burdens which are sometimes necessary in a the- 
atre. The machinery has no other firm points to which it 
can be attached ; and the portions of the single raflers which 
carry this king-post are but short, and therefore may be 
considerably loaded with safety. 

We observe in the drawings which we sometimes have of 
Chinese buildings, that the trussing of roofs is understood 
by them Indeed they must be very experienced carpen- 
ters. We see wooden buildings run up to a great height, 
which can be supported only by such trussing. One of 
these is sketched in fig. 21. There are some very excel* 
lent specimens to be seen in the buildings at Deptford, he^ 
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KMf. longing to the victualling-office, commonly called the Red^ 

^^'■■"v-'**^ hou96^ which were erected about the year 1788> and we be- 
lieve are the performance of Mr James Ar- 
row of the Board of Works, one of the most 
intelligent artists in this kingdom. 

RraaarkB Thus have we given an elementary, 

Addressed ^ but a rational or scientific, account of this 

mi '^'i^!' importont part of the art of carpentry. It 

^^"^^ is such, that any practitioner, with the 
trouble of a little reflection, may always 
proceed with confidence, and without rest- 
ing any part of his practice on the vague 
notions which habit may have given Inm 
of the strength and supports of timbers, 
and of their manner of acting. That these 
frequently mislead, is proved by the mutual 
criticisms which are frequently published by the rivals in the 
profession. They have frequently sagacity enough, for it 
seldom can be called science, to point out glaring blunders ; 
and any person who will look at some of the performances of 
Mr Price, Mr Wyatt, Mr Arrow, and others of acknowledged 
reputation, will readily see them distinguishable from the 
works of inferior artists by simplicity alone. A man with- 
out principles is apt to consider an intricate construction 
as ingenious and effectual ; and such roofs sometimes fiiil 
merely by being ingeniously loaded with timber, but still 
more frequently by Uie wrong action of some useless pieces, 
which produces strains that are transverse to other pieces, 
or which, by rendering some points too firm, cause them 
to be deserted by the rest in tne general subsiding of the 
whole. Instances of this kind are pointed out by Price in 
his British Carpenter. Nothing shows the skill of a car- 
penter more than the distinctness with which he can fore- 
see the changes of slu^ which must take place in a sfiort 
time in every roof. A knowledge of this wul often correct 
a construction which the mere mathematician thinks un- 
exceptionable, because he does not reckon on the actual 
compression which must obtain, and images that his tri- 
angles, which sustain no cross strains, mvariably retain 
their shane till the pieces break. The sagacity of the ex- 
periencea carpenter is not, however, enough without sci- 
ence for perfecting the art. But when he knows how much 
a particular piece will yield to cOmpresuon in one case, 
science will then tell him, and nothing but science can do 
it, what will be the compression of the same piece in another 
very different case. Thus he learns how far it will now 
yield, and then he proportions the parts so to each other, that 
when all have yielded according to their strains, the whole 
is of the shape he wished to produce, and every joint is in 
a state of firmness. It is here that we observe the greatest 
number of improprieties. The iron straps are frequently 
in positions not suited to the actual strain on them ; and 
they are in a state of violent twist, which both tends strong- 
ly to break the straps, and to cripple the pieces which they 
surround. 

In like manner, we frequently see joints or mortises in a 
state of violent strain on the tenons, or on the heels and 
shoulders. The joints were perhaps properly shaped for 
the primitive form of the truss ; but by its settling, the bear- 
ing of the push is changed. The brace, for example, in a 
very low-pitched roof, comes to press with the upper part 
of the shoulder, and, acting as a powerful lever on the te- 
non, breaks it. In like manner, tne lower end of the brace, 
which at first abutted firmly and squarely on the joggle of 
the king-post, now presses with one comer in prodigious 
force, and seldom fails to splinter off on that side. We 
cannot help recommending a maxim of M. Perronet, the 
celebrated hydraulic architect of France, as a golden rule, 
viz. to make all the shoulders of abutting pieces in the form 
of an arch of a circle, having the opposite end of the piece 
for its centre. Thus, in ^^* 18, if tne joggle-point B be of 



this form, having A for its centre, the sagging of the roof Roof, 
will make no partial bearing at the jomt ; for in the sagging ^^"""^^^^ 
of the roof the piece AB turns or bends round the centre 
A, and the counter-pressure of the joggle is still directed 
to A, as it ought to be. We have just now said hend§ 
round A. This is too frequently the case, and it is always 
very difficult to give the tenon and mortise in this place a 
true and invariable bearing. The rafter pushes in the di- 
rection BA, and the beam resists in the direction AD. 
The abutment should be perpendicular to neither of these, 
but in an intermediate direction, and it ought also to be of 
a curved shape. But the carpenters perhaps think that 
this would weaken the beam too much to give it this shape 
in the shoulder ; they do not even aim at it in the heel of 
the tenon. The shoulder is commonly even with the sur- 
hce of the beam. When the bearing therefore is on this 
shoulder, it causes the foot of the rafter to slide along the 
beam till the heel of the tenon bears against the outer end 
of the mortise (See Price's British Carpenter, plate C, fig. 
IK). This abutment is perpendicular to the beam in 
Price's book ; but it is more generally pointed a little out- 
wards below, to make it more secure against starting. The 
conseouence of this construction is, that when the roof set- 
tles, tne shoulder comes to bear at the inner end of the 
mortise, and it rises at the outer, and the tenon, taking hold 
of the wood beyond it, either tears it out or is itself bro- 
ken. This joint therefore is seldom trusted to the strength 
of the mortise and tenon, and is usually secured by an iron 
strap, which lies obliquely to the beam, to which it is bolt- 
ed by a large bolt quite through, and then embraces the 
outside of the rafter foot. This strap is very frequently 
not made sufficiently oblique, and we have seen some made 
almost square with the beam. When this b the case, it not 
only keeps the foot of the rafter from flying out, but it 
binds it aown. In this case, the rafter acts as a powerful 
lever, whose fulcrum is in the inner angle of the uioulder, 
and then the stnq> never fails to cripple the rafter at the 
point All this can be prevented only by making the strap 
very long and very oblique, and by maJdng its outer end 
(tlie stirrup part) square with its length, and making a 
notch in the rafter foot to receive it. It cannot now crip- 
ple the rafter, for it will rise along with it, turning round 
the bolt at its inner end. We have been thus particular 
on this joint, because it is here that the ultimate strain of 
the whole roof is exerted, and its situation will not allow 
the excavation necessary for making it a good mortise and 
tenon. 

Similar attention must be paid to some other straps, such 
as those which embrace the middle of the rafter, and con- 
nect it with the post or truss below it We must attend to 
the change of shape produced by the sagging of the roof, and 
place the strap in such a manner as to yield to it by turn- 
ing round its bolt, but so as not to become loose, and far 
less to make a fulcrum for any thing acting as a lever. 
The strains arising from such actions, in framings of car- 
pentry which change their shape by sagging, are enormous, 
and nothing can resist them. 

We shall close this part of the subject with a simple me- Mcide of 
thod, by which any carpenter, without mathematical sci- calculating 
ence, may calculate with sufficient precision the strains or^j^™"^ "'' 
thrusts which are produced on any point of his work, what- "'^^^^' 
ever be the obliquity of the pieces. 

Let it be required to find the horizontal thrust acting 
on the tie-beam AD of fig. 18. This will be the same as 
if the weight of the whole roof were laid at G on the two 
rafters GA and GD. Draw the vertical line GH. Then, 
havinff calculated the weight of the whole roof that is sup- 
ported by this single frame ABCD, including the wdgnt 
of the pieces AB, BC, CD, BE, CF themselves, take the 
number of pounds, tons, &c. which expresses it from any 
scale of equal parts, and set it from G to H. Draw HK, 
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KooC HL purallel to 6D, 6A, and draw the line KL, which will 
'*"— "*v^^*^ be horizontal when the two sides of the roof have the same 
slope. Then ML measured on the same scale will give 
the horizontal thrust, by which the strength of the tie-beam 
is to be regulated. GL will give the thrust which tends to 
crush die rafters, and LM will also give the force which 
tends to crush the strut-beam BC. 

In like manner, to find the strain of die king-post BD of 
fig. 17, consider that each brace is pressed by half the 
weight of the roofing laid on BA or BC, and this pressure, 
or at least its hurtml effect, is diminished in the propor- 
tion of B A to DA, because die acdon of gravity is vertical, 
and the effect which we want to counteract by the braces 
is in a direction £e perpendicular to BA or BC. But as 
this is to be resisted by the brace fE acting in the direc- 
tion /£, we must draw^ perpendicular to Ee, and sup- 
pose the strain augmented in the proportion of £> to ^ 

Having thus obtained in tons, pounds, or other measures, 
the strains which must be balanced at/by the cohesion of 
the king-post, take this measure from the scale of equal 
parts, ana set it off in the directions of the braces to G 
and H» and complete the parallelogram G/H K ; and/K 
measured on the same scale will be the strain on the king- 
post. 
Strength of The ardst may then examine the strength of his truss 
the truss, upon this principle, that every square inch of oak will bear 
at an average 7000 pounds compressing or stretching it, 
and may be safely loaded with S500 for any length of time ; 
and that a square inch of fir will in like manner securely 
bear 2500. And, because stn^ are used to resist some 
of these strains, a square inch of well-wrought tough iron 
may be safely strained by 50,000 pounds. But the artist 
will always recollect, that we cannot have the same confi- 
dence in iron as in dmber. The faults of this last are much 
more easily perceived ; and when the timber is too weak, 
it gives us warning of its failure by yielding sensibly be- 
fore it breaks. This is not the case with iron ; and much 
of its service depends on the honesty of the blacksmith. 
Sketch of In this way may any design of a roof be examined. We 
*^™* '^*" shall here give the reader a sketch of two or three trussed 
J^ "^"» roofs, which have been executed in the chief variedes of 
circumstances which occur in common practice.' 

Fig. 22 is the roof of St Paul's Church, Covent Garden, 

Fig. 22. 



Fig. 23 is a kirb or mansarde roof by Price, and supposed 
to be of large dimensions, 
having braces to carry the Fig- ^3* 

middle of the raflers. It 
will serve exceedingly well 
for a church having pil- 
lars. The middle part of 
the tie-beam being taken 
away, the strains are very 
well balanced, so that there 
is no risk of its pushing 
aside the pillar on which it 
rests. 

Fig. 24 is the celebrated roof of the Theatre of the Uni- 

Fig. 24. 
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London, the work of Inigo Jones. Its construction is sin- 
gular. The roof extends to a considerable distance beyond 
die building, and the ends of the de-beams support the 
Tuscan comiche, appearing like the mutules of die Doric 
order. Such a roof could not rest on the de-beam. Inigo 
Jones has therefore supported it by a truss below it ; and 
the height has allowed hhn to make this extremely strong 
with very litde dmber. It is accounted the highest roof of 
its width in London. But this was not difficult, by reason 
of the great height which its extreme width allowea him to 
employ without hurdng the beauty of it by too high a 
pitch. The supports, however, are disposed with judg- 
ment.* 



versity of Oxford, by Sir Christopher Wren. The span be- 
tween the walls is 75 feet. This is accounted a very in*- 
genious, and is a singular performance. The middle part 
of it is almost unchangeable in its form ; but from this cir- 
cumstance it does not dis|ribute the horizontal thrust with 
the same regularity as the usual construcdon. The hori- 
zontal thrust on the de-beam is about twice the weight of 
the roof, and is withstood by an iron strap below the beam, 
which stretches the whole width of the building in the 
form of a rope, making part of the ornament of the ceiling. 

in all the roofs which we have considered hitherto, the Cases in 
thrust IS discharged entirely from the walls by the de-beam, which the 
But this cannot always be done. We firequendy want great ^hru*^^*^ 
elevadon within, and arched ceilings. In su^ cases, it i^^u^^^lf ^ 
A much more difficult matter to k^p the walb free of all^^^l^^ 
pressure outwards, and there are few buildings where it is-jraiis by 
completely done. Yet this is the greatest fault of* a roof, the tie- 
We shall just point out the methods which may be most beam, 
successfully adopted. 

We have said that a de-beam just performs the office 
of a string. We have said die same of the king-post. 
Now suppose two rafters AB, BC (fig. 25), moireable 
about the point B, and rest- 
ing on the top of the walls. If Fig. 25. 
die line Bl) be suspended 
from B, and the two lines 
DA, DC be fastened to the 
feet of the raflers, and if these 
lines be incapable of exten- 
sion, it is plain that all thrust 
is remov^ from die walls as 
effectually as by a common 
de-beam ; and by shortening 

BD to Bd^ we gain a greater inside height, and more room 
for an arched ceiling. Now if we substitute a king-post 
BD (fig. 26), and two stretch- ^^ 25. 

ers or Immmer-beams DA, DC ^* 

for the other strings, and con- 
nect them firmly by means 
of iron straps, we obtain our 
purpose. 

Let us compare this roof with a de-beam roof in point 
of strain and strength. Recur to fig. 25, and complete the 
parallelogram ABCF, and draw the diagonals AC, BF, 
crossing in E. Draw BG perpendicular to CD. We have 





' Thiif church wtiut burnt down after the prenepf srtiele •vas written. 
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feen that the weight of the roof, which we may call W, is 
to the horizontal thrust at C as BF to EC ; and if we ex- 



press this dinist by T, we have T= u^ ^ . 



We may 



at present consider BC as a lever moveable round the joint 
B, and pulled at C in the direction EC by the horizontal 
thrust, and held back by the string pulling in the direction 
CQ. Suppose that the forces in tne directions EC and 
CD are in equUibrio, and let us find the force S by which 
the string CD is strained. These forces must, by the pro- 
perty of the lever, be mversely as the perpendiculars drawn 
from the centre of motion on the lines of their direction. 

Therefore BG:BE=T:S, andS=T X H =W X 1^. 

Therefore the strain upon each of the ties DA and DC 
is always greater than the horizontal thrust or the strain on 
a simple tie-beam. This would be no great inconvenience, 
because die smallest dimensions that we could give to these 
ties, so as to procure sufficient fixtures to the adjoining 
pieces, are always sufficient to withstand this strain. But 
although die same may be said of the iron straps which 
make the ultimate connections, there is always some hazard 
of imperfect work, cracks, or flaws, which are not per- 
ceived. We can judge with tolerable certainty of the 
soundness of a piece of timber, but cannot say so much of 
a piece of iron. Moreover, there is a prodigious strain ex- 
cited on the king-post when BG is very short in compari- 
son of BE, namely, the force compounded of the two 
strains S and S on the ties DA and DC. 

But there is another defect fix)m which the straight tie- 
beam is entirely free. All roofs settle a litde. When this 
roof setUes, and the points B and D descend, the legs B A, 
BC must spread furdier out, and thus a pressure outwards 
is excited on the walls. It is seldom therefore that this 
kind of roof can be executed in this simple form, and other 
contrivances are necessary for counteracting this superven- 
ing action on the walls. Fig. 27 is one of the best which 

Fig. 27. 




lieneral 
observa- 
tions. 



we have seen, and is executed with great success in the 
circus or equestrian theatre (now, 1809, a concert-room) 
in Edinburgh, the width being sixty feet The pieces EF 
and ED help to take off some of the weight, and by their 
ereiter uprightness they exert a smaller thrust on the walls, 
fhe beam D^ is also a sort of truss-beam, having some- 
thing of the same effect. Mr Price has given another very 
judicious one of this kind (British Carpenter, plate IK, fig. 
C), from which the tie-beam may be taken away, and there 
will remain very little thrust on the walls. Those which 
he has given in the following plate, K, are, in our opinion, 
very faulty. The whole strain in these last roofs tends to 
break the raflers and ties transversely, and the fixtures of 
the ties* are also not well calculated to resist the strain to 
which the pieces are exposed. We hardly think that these 
roofs could be executed. 

It is scarcely necessary to remind the reader, that in all 
that we have delivered on this subject, we have attended 
only to the construction of the principal rafters or trusses. 



In small buildings all the rafters are of one kind ; but in lioof. 
great buildings the whole weight of the covering is made '"■^'^k''^ 
to rest on a few principal raflers, which are connected by 
beams placed horizontally, and eitiiei mortised into them 
or scarfed on them. These are called purlins. Small ratl- 
ers are laid from purlin to purlin ; and on these the laths 
for tiles, or the skirting-boards for slates, are nailed. Thus 
the covering does not immediately rest on the principal 
frames. This aUows some more liberty in their construc- 
tion, because the garrets can be so divided that the princi- 
pal rafters shall be in the partitions, and the rest left unen- 
cumbered This construction is so far analogous to that 
of floors which are constructed with girders, bindings and 
bridging joists. 

It may appear presuming in us to question the propriety 
of this practice. There are situations in which it is una- 
voidable, as in the roofs of churches, which can be allowed 
to rest on some pillars. In other situations, where partition - 
walls intervene at a distance not too great for a stout pur- 
lin, no principal raflers are necessarv, and the whole may 
be roofed witn short raflers of very slender scantiing. But 
in a great uniform roof, which has no intermediate supports, 
it requires at least some reasons for preferring this method 
of carcass-robfing to the simple method of making all the 
raflers alike. The method of carcass-roofing requires tiie 
selection of the greatest logs of timber, whidi are seldom 
of equal strength and soundness with thinner raflers. In 
these the outside planks can be taken off, and the best part 
alone worked up. It also exposes to all the defects of work- 
manship in the mortising of purlins, and the weakening of 
the rafters by this very mortising ; and it brings an addi- 
tional load of purlins and short raflers. A roof thus con- 
structed may surely be compared witii a floor of similar 
construction. Here there is not a shadow of doubt, that 
if the girders were sawed into planks, and these planks laid 
as joists sufficienUy near for carrying the flooring boards, 
they will have the same strength as before, except so much 
as is taken out of the timber by the saw. This will not 
amount to one-tenth part of the timber in the bindanr, 
bridging, and ceiling joists, which are an additional load, 
and all die mortises and other joinings are so many dimi- 
nutions of the strength of the girders ; and as no part of a 
carpenter's work reouires more skill and accuracy of execu- 
tion, we are exposed to many chances of imperfection. But, 
not to rest on ttiese considerations, however reasonable they 
may appear, we shall relate an experiment made by one on 
whose judgment and exactness we can depend. 

Two models of floors were made, eighteen inches square, c^mfinnHl 
of the finest uniform deal, which had been long seasoned, by ex\^ri. 
The one consisted of simple joists, and the other was framed ment 
with girders, binding, bridging, and ceiling joists. The 
plain joists of the one contained the same Quantity of tim- 
ber with the girders alone of the other, and Doth were made 
by a most accurate workman. They were placed in wooden 
trunks eighteen inches square within, and retted on a strong 
projection on the inside. Small shot was gradually poured 
in upon the floors, so as to thread uniformly over them. 
The plain joisted floor broke down with 487 pounds, and 
tne carcass floor with 327. The first broke without giving 
any warning, and die other gave a violent crack when 294 
pounds had been poured in. A trial had been made be- 
fore, and the loads were 341 and 482 ; but the models 
having been made by a less accurate hand, it was not 
thought a fair specimen of the strength which might be 
given to a carcass floor. 

The only argument of weight which we can recollect in 
favour of the compound construction of roofs is, that the 
plain method would prodigiously increase the quantity of 
w^ork, would admit nothing but long timber, which would 
greatly add to the expense, and would make the garrets a 
mere thicket of planks. We admit this in *ts f\m force i 
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11 oof* but we ccmtinue tu be of the opinion that plain roofs are whole went up like a piece of bricklayer's work. At Tarioua ^oot 

" — '^'"'^ greatly superior in point of strength, and therefore should distances these ribs were connected horizontally by purlins 

be adopted in cases where the main diflSculty is to insure and iron straps, which made so many hoops to the whole* 

this necessary circumstance. When the work had reached such a height that the dis- 

(^f the It would appear very neglectfiil to omit an account of tance of the ribs was two thirds of the original distance, 

roofs put ^e roofs put on round buudings, such as domes, cupolas, every third rib was discqntinued, and the space was left 

III round ^^ ^^ ^Wi^, They appear to be the most difficfult tasks in open and glazed. When carried so much higher that the 

inga. ^^^ carpenter's art. But the difficulty lies entirely in the disiance of the ribs is one third of the original distance, 

mode of fhtming, or what the French call the traU de chav' every second rib, now consisting of two ribs very near each 

penierie. The view which we are taking of the subject, as other, is in like manner discontinued, and the void is glazed. 

a part of mechanical science, has little connection with this. A little above this the heads of the ribs are firamed into a 

It is plain, that whatever form of a truss is excellent in a circular ring of timber, which forms a wide opening in the 

square building, must be equally so as one of the frames of middle ; over which is a glazed canopy or umbrella, with an 

a round one ; and the only difficulty is how to manage their opening between it and the dome for allowing the heated 

mutual intersections at the top. Some of them must be air to get out. All who have seen this dome say that it is 

discontinued before they reach that length, and common the most beautiful and magnificent object they have ever 

sense will teach us to cut theu short alternately, and al- beheld. 

ways leave as many, that they may stand equally thick as The only diffiailty which occurs in the construction of 

at their first springing from die base of the dome. Thus wooden domes is when they are unequally loaded, by car- 

the length of the purlins, which reach firom truss to truss, rying a heavy lanthom or cupola in the middle. In such a 

will never be too great. case, if the dome were a mere shell, it would be crushed 

The truth is, that a round building which gathers in at in at the top, or the action of the wind on the lanthom 

top, like a glass-house, a potter^s kiln, or a spire steeple, in- might tear it out of its place. Such a dome must therefore 

stead of being the most difficult to erect with stabUity, i? consist of trussed frames. Mr Price has given a very good 

of all others the easiest. Nothing can show this more for- one in his plate OP, though much stronger in the trusses 

cibly than daily practice, where they are run up widiout than there was any occasion for. This causes a great loss 

centres and without scaffiildings ; and it requires gross blun- of room, and tlirows the lights of the lanthom too far up. 

ders indeed in the choice of their outline to put them in It is evidently copied from Sir Christopher Wren's dome of 

much danger of falling firom a want of equilibrium. In like St Paul's Church in London ; a model of propriety in its 

manner, a dome of carpentry can hardly fall, give it what particular situation, but by no means a general model of a 

shape or what construction you wiU. It cannot fall, unless wooden dome. It rests on the brick cone within it ; and 

some part of it flies out at the bottom. An iron hoop round Sir Christopher has very ingeniously made use of it for stif- 

it, or straps at the joinings of the trusses and purlins, which fening this cone, as any intelligent person will perceive by 

make an equivalent to a hoop, will effectually secure it. attending to its construction. 

And as beauty requires that a dome shall spring almost Fig. 28 presents a dome executed in the Register Office 

perpendicularly from the wall, it is evident that there is in Edinburgh by James and Robert Adam, and is very 
iiardly any thmst to force out the walls. The only part 

where this is to be guarded against is where the tangent is Fig. 28. 

inclined about forty or fifly degrees to the horizon. Here 
it will be proper to make a course of firm horizontal joinings. 
We doubt not but that domes of carpentry will now be 
raised of great extent. The Halle du Bled at Paris, of two 
hundred feet in diameter, was the invention of an intelligent 
carpenter, the Sieur Moulineau. He was not by any means 
a man of science, but had much more mechanical knowledge 
than artisans usually have, and was convinced that a very thin 
shell of timber might not only be so shaped as to be nearly 

in equilibrio, but that, if hooped or firmly connected hori- agreeable to mechanical principles. The span is fifly feet 

zontally, it would have all the stiffness that was necessary ; dear, and the thickness is only four and a half feet. (j. b.) 
and he presented his project to the magistracy of Paris. The 

grandeur of it pleased then^ but they doubted of its possi- Causes of Failure in Roofs. 

bihty. Bemg a great public work, they prevailed on the / '^ 

Academy of Sciences to consider it. The members who It has been shown in the preceding treatise that the 

were competent judges were instantly stmck with the just- simplest form of a roof is that given in fig. 12. Let us 

ness of M. Moulineau's principles, and astonished that a now inquire the method in which such a roof would fail, 

thing 80 plain had not been long familiar to every house- ^ deduced from the former treatise, and given there in 

carpenter. It quickly became an universal topic of conver- scientific lanpiage. Let the dotted lines (fig. 29) show 

sation, dispute, and cabal, in the polite circles of Paris. But the original line of roof. If an undue weight be put on 

the academy having given a very favourable report of their this, it has been shown the point B will descend, and A 

opinion, the proiect was immediately carried bto execuuon, and C will spread or open to the right and lefl, just as 

and soon oommeted ; and now stands as one of the great pressing on the top of a pair of compasses makes them 

exhibitions of Paris. open. The rafters must then either slip off the top of the 

The constmction of this dome is the simplest thing that walls, or, if properiy secured to them, which we ought to 

can be imagined. The drcular ribs which compose it con- suppose, must push the walls over ; or if they be very 

sist of planks nine feet long, thirteen inches broad, and strong, the raflers must bend or sag in the middle at D and 

three inches thick ; and each rib consists of three of these £ (fig« dO). Now, to prevent the walls being thrust over, 

planks bolted together in sudi a manner that two points an easy remedy, as our author shows, is fig. 14, to tie them 

meet A rib is begun, for instance, with a plank of three together with either a piece of string or a rod of timber, or, 

ieet long standing l>etween one of six feet and another of as Mr Robert Stephenson (art Iron Bridges, fig. 13) shows. 

Dine ; and diis is continued to the head of it No machinery by a chain. But whether the walls be kept upright by this 

was necessary for dsrrying up such small pieces, and the tie or by their own size and strength, still the same bending 
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at D and E will take place if the timben be not strong enough 
to bear the weight. Now, in small roofs we have a ready 




Fig. 29. 

remedy ; we put a collar beam D£ (fig. 31) between them, 
which has a aouble effect, — ^it not only keeps these points 



y^- 




Fig. 30. 

from coming towards each 4>ther, which they must do if the 
rafters bend, but it also assists very much to prevent the raft- 
ers AB, BC, going out, as is shown in fig. 29. If, however, 
the roof be too large and the timbers too weak, or, which 
b the same thing, the load be too heavy, the roof, though 
it cannot bend ffig. 81) between BD, BE, will yield be- 



/•\ 




Fig. 31. 

tween DA, EC ; and either sag, as we have before sud, or 
push out the walls if they are too weak. This is the great 



cause of fiiilure in the early medieval roofs (see figs. 35' 
38), where they are all weak between A and B. How- 
ever trusses may be braced together at the apex of the 
triangle, it is clear nothing except excessive thickness of 
timber will prevent one of these results. We will now go 
back to fig. 14, and for the present lay aside the considera- 
tion of a collar-beam. We are here liable to fall into this 
contingency, — ^the beam AC must have considerable weight 
if strong enough to act as an efficient tie. Now wooa is 
always weakest in horiasontal position ; it is therefore liable 
to sink or sag in the middle, and the effect of this will be 
to bring the points AC (fig. 32) closer together, and to 
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Fig. 82. 

pull the walls in. It would interfere with our space to 
prop this beam up fit>m below; but some ingenious carpenter 
At some time has thought of hanging it up to the rioge by 
another string or tie, oD (fig. 15), usually called a king- 
post, though it does not act as a post to prop up, as is 
shown above, but as a string or tie, to hang up Uie tie- 
beam and keep it straight We will now suppose the 
rafters AB, BC (fig. 15) too weak for their weight We 
roust bear in mind, in all question3 of carpentry, there are 
two difficulties to contend with. First, timber itself is 
limited in size ; and next, if it be made too strong for its 
length, its own weight will cause it to bend. So we are 
between two difficulties. But we have several remedies: 
either we may resort to a collar-beam in addition to a tie- 
beam, as in fig. 31 ; or, what is better, we may employ two 
struts, DE, DF(fig. 17). An inspection of thb diagram 
will show why, although a chain or rod would answer every 
purpose at BD, we prefer a post of wood. The struts FD, 
ED are supports and not ties, and require a good hutment, 
which is best got by framing them into the king-post, as 
shown at D (fig. 17), and also in the various diagrams of the 
article Cabpentbt. Still referring to the same diagram 
(fig. 17), we will suppose the span still further increased; 
then the tie-beam may be too weak, and may sag between 
AD and DC. This must be remedied by again suspend- 
ing the weak parts, which may be done by two rods or 
posts BE, CF (fig. 18), which are generally called c|ueen- 
posts, as BD ffigs. 15 and 17) is caUed a king. This sys- 
tem divides the tie into three parts instead of two, or 
if a king-post also be used, into four parts, each of 
which is susnended. Fig. 18, however, shows what U 
generallv called a queen-post roof, and is framed with a 
collar BC, in the points of which the purlins are usually 
seated, and the common raflers run up, as AG, DG, unless, 
as in the figure, it is intended to make the roof flat be- 
tween B and C. In the same manner, an inspection of 
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Roof the diagram following will show (as well as those in Cab- 

PEMTRi^i '^^ ^'S^ ^* ^^9 ^^ ^^ principle of using 
queen-posts and struts may be multiplied almost to any 
extent. 

Roofi sometimes fiul in consequence of the trusses being 
placed too far apart ; the purlins are then unable to sustain 
the weight, and the surmce undulates between truss and 
truss, bnnging down the ridge, and producing the most 
unpleasant and sometimes pernicious erocts. The medisBval 
architects braced the purlins upon the principles as shown 
in fig. 40. A better plan, however, has been devised 
at the Lambeth Baths, which will be hereafter de- 
scribed. 

Roofs also frequently fiul from the weakness of walls, 
or the want of extra thickness under the principals ; but 
this is rather matter for consideration under the article 
Stonb Masonbt. They, however, oflen fail from a 
simpler cause. The plate or template is generally of 
timber, and bedded into the wet brickwork. It swells 
with the moisture, and afterwards shrinks, which causes 
it to lose its hold in the walls ; so that in case of settle- 
ment it is easily pulled out ; and the walls, which should 
be kept upright by the tension of the tie-beams, are un- 
supportedy and settle outwards. The best remedy u to 
make the templates of stone, and pin down the tie-beams 
to them by strong iron pins, going some depth into the 
walls. There is another benefit imout this system, that 
air may be allowed to come sideways to the rafter feet, 
or ends of the tie-beams, and so prevent their becoming 
rotten, 

MediiBvai Rotfs. 

Those of the Italian basilicas, erected before the tenth 
century, are framed much according to the present metliods: 
of the same pitch, and covered with tiles like those which 
have been in use from the Roman period down to the pre- 



no doubt it was hoisted to its place. It is of one huge 
single block, all chiselled out of the solid. 

Of Saxon roofs we have no remains ; but from the illu- 
minations in the MSS. of the MlMc Pentateuch, and to 
Ceedmon, now in the British Museum, we should suppose 
thev formed an angle of 45^ They seem to be covered 
with a sort of tiles rounded at the end, or they probably 
may have been of shingles. A very curious instance, taken 
from the Harleian MS. (fig. 34), shows not only a gabled roof, 





Fig. 34. 

but also a ton of dome. The subject is Lot entertaming 
the two angels. 

Few Norman roofs now remain, if any, and those which 
are supposed to be so are evidently much altered. Judg- 
ing firom the string courses up the gables, and the water- 
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sent day. Fig. 33 shows the roof of San Paolo Fuori le 
Mura, lately consumed by fire at Rome. It is upwards of 
84 feet in span, and consbts of a king-post and two queens, 
without struts, but with a collar. The prindpal rafter is 
doubled from the head of the queen to the plate, which 
adds immensely to its strength. The kings and queens are 
not fituned into the tie-beam, but the latter is Kung up to 
them by iron straps. This perhaps is the earliest instance 
known where iron lias formed one of the <^ief features in 
the construction of a roo^ and this is said to have stood 
upwards of 1400 years. A curious instance of a roof is 
found in the tomb of Theodosius at Ravenna, supposed to 
have been erected shortly after the year 526 ; this is com- 
posed of a circular dome of white marble 36 feet in dia- 
meter, surrounded by a number of ears or lugs, bv which 



tables, they seem to have been of about the same ansle as 
those named above ; but in the next stvle^ the early £ng^ 
lish, as has before been stated, the roon suddenlv sprung 
up to equilateral, and often even to whole pitdi, or an 
angle of 64^ The singularity is, that many of them are 
covered with lead, and groined beneath ; so that if bare 
economy or dry utility were the only object of the Gothic 
architects, as has been stated by many, the roof might have 
been flat, and an immense expense both in timber and lead 
have been saved. It only serves to show that, like all other 
architects, they were not always guided by considerations of 
dry utility alone, but had high, oold, artistic, and sstheti- 
cal feeling besides. It is not improbable that, as the pointed 
arch and slender shaft are evidently of Saracenic origin, 
and their use no doubt brought to Europe by the Crusaders, 

2 I 
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BO the as[»ring roofs of the refined orientali suggested 
./ those of the early Englisli 
period. 

Year by year, aa styles 
changed, the roofs became of 
less pitch, till in the latter 
styles, as hasbeen stated, many, 
if covered with lead, became 
almost flat. A very curious 
itlustnttion is found in the 
tower of St Regulus" church at 
St Andrews, on which are the 
marks of the lines of three 
roofs which have covered the building at three different 
periods. The lower is probably the line of the original 
Norman roof, the upper that of the early English period, 
and the middle that of the decorated. Much of course 
depended at all periods on the covering, tiles, for instance, 




using those of the Norman period, which are in fiwt mere 
shallow pilasters. The truth is, the buttresses, which were V 
originally intended simply to stiffen the walls, wore after- 
wards enlarged to that extent that they became struts to it 
(A, A, fig. 42), espedally the flying buttresses, which con- 
tinued the line of the principal rafters down to the ground, 
making the earth, as it were, the tie-beam. To such a 
degree was this system carried, that in many continental 
churches, and in some of our own, of which Henry VII.'s 
chapel is a known instance, there is literally no support de> 
rived from the walls, the windows filling the whole space be- 
tween buttress and buttress, which last, from their vast 
mass and projection, sustain both roof and groining. 



necetutating a sharper pitch than slates. No doubt the 
Norman roofi, like those of die Roman baulicaa, from which 
they were derived, had level tie-beams. It is difficult to 




Fig. 38. 



Hediseval roofs may be consii^red, — Itty As those 
in which every pair of common rafters is framed 
together, and forms of itself a separate truss, or, as it 
was called in those days, a "coupled 2d, As those with 
common rafters and trusses framed with collar-beams { 
3d, As those with hammer-beams t 4t&, As those with tie- 
beams. 

But before going into this subject, we must warn our 
readers who are accustomed to roots fVamed of fir, that the 
mediffival timbers are almost invariably of oak or some 
hard wood ; so the strength or the scantling of the tim- 
ber must not be judged by our modem notions. That 



-.^--.. Fig. 39. 

conceive how else they could have stood ; but in the sue- of oak to fir is assumed by Professor Robison tn be as 

ceeding styles, when ■ internal height became an object, three to two. An inch of oak may be safely subjected to 

these were often omitted, and as the thrust of the roof^was a strain of three tons for every square inch, while fir will 

enormously increased thereby, it was necessary to build bear but two. 
large projecting buttresses to keep up the walls, instead of The most common form of the first is a umple St An 
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dren'B croBB, u at fig. 35 { > crou and collar, as fig. 3d i a as to show as one long, pointed vault below. The thrugt, 
' collar and etnits, as fig. 37 ; or two collart and struts, as which is immense, is resisted by walls 6 feet thick, with \, 
fig. 38. All these are taken from examples of the thirteenth huge buttresses The upper part of the construction is 
and fourteenth centuries. As has been before explained, very good ; but how the part between AB can sustain the 
these roofs are liable to spread, a« there is nothing to tie weight of the upper part without bending has puzzled 
the plates together, and tttey are all weak at the point be- everybody. It can, in effect, be only due to the excellence 

of the workmanship and strength of the materials. 

On looking back to fig. 40, it will be seen not only that 
the curved brace was intended to strengthen the rafters, 
but also to relieve the thrust by conveying it lower down 
the wall, and distributing it over a much larger portion of 
its surface^ as well as tmnging it more in a line with the 
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tween the end of the brace A, and the top of the ashler- 
piece B. To obviate this, various contrivances were used;' 
one of the moat elegant is the addition of curved braces 
which not only strengthened each 
rafter, but tended to brace the whole 
together. Fig. 39 is a common ex- 
ample ID England, particularly in 
Somersetshire. 

As those roofs with simple couples 
could not be erected of any great 
span, they were commonly fiwned 
with trusses, purlins, and 
common rafters ; and then 
the defect of these open 
roofs became more fel^ as 
each truss had not only to 
bear its own load, but that 




buttress AA (fig. 42). Fig. 43 shows the beautiful roof 
over the church at Wymondham in Norfolk. Here the 



th. 

of the adjacent common raf- coi 

ters. The usual 

strengthening the roofs last 2e 

described, that of introducing b» 

curved braces to the couples, a < 

was adopted for the truss coU A, 

lar-beam roofs, till at length B 

they assumed (he form of an or, 

arch, filling in the space be- thi 

tween the principal rafter and co 

collar like a rib of solid tim- asl 

ber. Fig. 40 is from St Mary's, pri 

Leicester, and is a very good vsi 

example. But the most ex- of 

traordinarj- mcdinval roof, on the principle of a collar-beam we 

and curved braces, is that over the Salle des Pas Perdus bei 

at Rouen, which was built in 1493, and is of inconceivable Fi] 

lightness and boldness (see fig. 41). It is 54 feet 5 inches tht-~ , _.. ~ „.. „„.., — 

English in span, and covers a hall 155 feet long, the trusses with the addition that A is the upper hammer-beam, B ih* 

being not quite 4 feet apart. It is cIose-boar£d inside, so upper hammer-brace, and C the upper aide-post. Of these, 

* Host GotUc carvtd bracts ara cut out of boughs of Urg* tram bant bj natur*. 
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the most celebnUed are tboae over WestmiDEter Hall, Hainp- folk. But it wu reserved Tor the peroendicular period to 
* ton Court, the palace at Eltliaiii, aod very macj of ourcol- dewgn (he most elegant rooft with level tie-beanu. Thew ^ 



tig. 44. 
lege halla. It will be Ken by the lecdon, the use of the 
hammer-beam firaming was to deqien, ac it were, the prin- 
cipal rafter, and thereby prereot its bending between the 
collar and the plate ; beudea which it got better hold of 
the wall ; but tnere was nothing to tie the walls together, 
nor to keep the truss from ^nvading ; the consequence is, 
in spite of the buttresses, many of these rooft have opened, 
and the walls have gone over. A very curious roof, and 
one which is much stronger in point of construction, b that 
over the Parliament House at Edinburgh, which was begun 
in 1632. In tliis roof the pieces which act as hammer- 
beams are not horisootal but incline, or rather radiate 
towards a centre; they are filled io with arched pieces 
bearing pendants, and have a very original and pleasing 
e&ct. 

The use of Uotl lie-btamt in roofs is of two kinds : one 
where the raflen are in couples, and they seem m^ely in- 
troduced to tie the plates together, and probably were in- 
serted afterwards t the other where they form parts of the 
trusses themselves. In large roofs, we have alrwwiy an ex- 
ample in fig. 35. In smaller roofs of the fourteenth century, 
fig. 45 is a very common and plea«ng example. From 



Pig. 45. 
the tie-beam springs a king-post, from which branch four 
curved struts, one pair serving to support the principal 
rafters, the other pair doing the same for the ridge. This 
is called a tree-post roof. Figure 46 shows a very curious 
combination of a level tie-beam and curved struts. It is 
from the church of St Mary the Virgin at Pulham in Nor- 



Fig.46. 

are of infinite variety m design, and are generally filled in 
with tracery, and ornamented vrith carving. Figure 47 
shows a very beautiful example, that of St Martin's at Lei- 
cester. In many instances these roo& are richly adorned 
with painting and gilding of the most brilliant description. 
Anoth«- sort of medUeval roof is yet to be noticed, and 
that is where, instead of timber principals, arches of stone 
are thrown across from wall to wall, and carry the puriins 
and common rafUra: among these maybe named the great 
hall at Mayfield ; but they are of very rare occurrence. 

Account c^ Roof* <^ Large Span {A prand porUe$) and 
tome modem Roi^t. 

For many years the raofs of the baulicas at Rome were 
the largest spans that had been covered by the caipenter'B 
art ; but about three-quartets of a century ago there was a 
great desire to roof over much larger spaces without internal 
supports, for the purpose of military and other riding-schools. 
The vast roof over the Saile dExercue at Darmstadt, 
erected by M. Schubknecht in 1771, is 228 feet long and 
154 feet in the clear of the walls, or 2 feet more in span 
than that roof lately erected over the railway station at 
Lime Street, Liverpool, and was the largest roof in the 
world till that we are about shortly to describe was erected 
over the New Street station at Birmingham. It appears 
to have stood very well, although its construction is cer- 
tainly not on the best principles. The thickening out of 
the tie-beam hy packing beam after beam, one on the other, 
must have caused considerable shrinkage ) and the struts 
would be much better if placed the reverse way. This 
roof attracted conuderable attention ; and about ten years 
afler its erection the Emperor of Russia, Paul I., hsfipened 
to travel through Darmstadt, and visited the building. He 
expressed great astonishment at its vast proportions, and 
determined on his return that one should be erected at 
Moscow which should entirely eclipse it in magnitude. 
Accordingly the design was prepareo. This gigantic roof 
was intended to have covered a tiall 852 feet in length, by 
SOS feet in width from out to out. The walls were double, 
and formed a system of arcaded galleries round the build- 
ing about 25 feet in depth ; so that the span of the roof in 
the clear was reduced to about 230 feet. The main sup- 
port of this roof was the curved rib of three thicknesses of 
timber, notched on to each other en eremaiUiire. Krafil 
says it was executed, and was used in 1 790 for the exerdse 
of the Cossack cavalry and infantry. But M. de B^tan- 
court, of whom we shall speak preMntly, affirms that it never 
was finished. The dotted lines show a method proposed by 
Rondelet and Krafil to strengthen this roof and make it 
tIFeciive. The chief defect, however, seems to be, that the 
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prinripal raftera are too weak, and receive no direct «up- outnde, to prerent their HhiflinK apart, and are of vast Roirf 

J port from the crow itruta. The troubles in Ruuia seem to strength, and particularly adapted to rooms where the ceil- V— ^.^ 

have caused the matter to drop, till the year 1817, when iog ia intended to repreaent a large arch or bairel vault, or ' 
the Emperor Alexander, being at Moscow, resolved on car- 
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were framed, which was done by 400 carpenters, or rather the whole is bolted together, care being tiucen, as in the 

woodmen, who hewed die wood with axes — they being igno- Tonner ajvtero, that the ends of the boards break joint. The 

rant of the use of any other tool> The writer of this article difficulty is, to prevent the natural tendency of uie wood to 

hu designed a roof for the first-class swimming bath in spring hack to the itraight, as well at to counteract the 

the Westminster Road. This is on entirely a new prin- weight of the roof covering, which would cripple the curve 

ciple, being, in fact, the adaptation of the trellis or lattice either at the haunch or crown, as the pressure might be 

principle to a roof. The trusses are about 18 feet apart, exereised. In this respect something analogous to the laws 

or nearly double the usual distance. The puriina, however, of arches will apply to explain the result, 

are prevented from bending by a series of light longitudinal The roof over the great riding-house at Libourne was 

trusses, likewise on the lattice principle. The roof is, in designed by the celebrated Colonel Emv, and executed ir. 

truth, trussed fore and oft, so that no port can move. It is 1626. Every rib is composed of five thicknesses of deal, 

of extraordinary lightness and cheapness, the trusses being each nearly 2 inches thick, about 6 inches wide and 40 feet 

10 few and the timbers so slender. Its de6ection, after long. The rib is semicircular, the springing about 24 feet 

receiving the load of sihtes, skylights, ftc, was scarcely from tlie ground, and the span about 70 feet The ribs 

perceptible. are not only bolted together, but clipped with a son of 

(o.) Rotft Tnuted with Curved Timbert. — Thnb are (a) stirrup-iron and bolts. From these ribs a number of stnitt 

vith timl>ers side by side, flatwise, the ends breaking joint, radiate to and support the principal rafters, purlins, &c., and 

or, as the system is t^led by French writers, " en bois plat." tU the same time prevent the rib from being crippled at 

It is the invention of Fhilibert de Lome, a French archi-. either the haunch or crown. The worst of this roof is, 

lect, who published it in 1561, in a work called IVaiti mr there is nothing to prevent thdr spreading at the foot. 

la Maniire de Sien BAtir, et A Petite Fraii. In this system The consequence is, the wall waa not only of unusual tliick- 

the raflers are in effect curved ribs, of several thicknesses of ness (nearly 5 feet), but lai^e buttresses were added to 

timber, nailed ude by side, care being taken that the ends countenct the thrust. The roofs over the Great Northern 

do not come in the someplace; in odier words, that they Railway station at London are of about the same span, and 

break joint. The rib then resembles a beam cut out of a ore of similar construction, except that the ribs are of I^ 

crooked limb of a tree, and owes its strength simply to cohe- deal in 16 tliicknesses, and the spondrils are filled in with 

aion of the particles. These beams are often used in pairs ornamental cast-iron work in form of circles, guilloches, 

xuned together by cross pieces, which are keyed on the &c., which have a very pretty effect. Like die Libourrte 
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roof, the thrust was compeusated by massiye brick- 
work. 

To prevent this last defect, as well as to stiffen the rib at 
the springing, M. £my designed the roof for the cavalry 
school at Saumur. This is intended for a span of upwards 
of IdO feet. Each truss is composed of two sets of ribs, 
similar to those before described, kept apart at the foot by 
a series of trellis, and joining together as one rib about half- 
way up the curve. Instead of one thick wall, it was in- 
tended to carry the ends of the trusses partly on an outer 
wall, which has strong double pilasters, and partly on one 
large square pilaster, intended to stand under the inner part 
of the end of the truss, as shown in the figure given in 
his work ; so that, though the space is available for specta- 
tors, and little room is lost, the truss itself has a level bear- 
ing 18 feet in width from whence to spring. 

But of all roofs ever projected, either in wood or iron, 
the most gigantic, the most original, and the boldest, is one 
for another riding-house, also by Colonel £my. This has 
a span of 328 feet, or at least half as much again as the 
largest existing roof in the world, — that at New Street, 
Birmingham. It b intended to be composed of two ribs 
similar to those before described, with another intermediate 
rib carried up about two-thirds of the span, and braced, as 
shown in the figure. The building was to have been sur- 
rounded by an ordinary wall, at right angles to which, under 
the foot of every truss, was a return wall 50 feet long and 
4 feet thick, peiforated below with arches to form passage- 
ways, and to serve for spectators, as in the former instance. 

Iron Roofs, 

Like most important discoveries, the use of iron in 
roofs has grown up from the smallest beginnings to the 
largest and most extraordinary results. From the simple 
substitution of an iron rod for a king or queen post 
in a wooden truss, we have attained the art of covering 
spaces so vast as to throw all other modes of construction 
into insignificance, so light as to appear the work of fairies 
rather than of human beings, and yet so strong as to bear 
their weight with ease, and to resist unshaken and unhurt 
the action of the roughest wind. The theory of these roofs, 
however, is just the same as those of timber, allowing only 
for the difference of weight and power of resistance of the 
materials. The tie keeps the walls together, the king and 
queen rods prevent the tie from sagging: all these are 
in a state of tension ; while the struts prevent the raflers 
from bending, and are in a state of compression. Fig. 48 




Fig. 48. 

shows the earliest use of iron as the king-post of roofs 
suited to those of from about 20 to 30 feet span. In Plate 
LIV, Carpentry, figs 38, 40, is shown the method of 
employing iron as king or queen posts of still larger dimen- 
sions. Fig. 49 shows a very convenient method of using 
iron rods as king-post and tie-beam in a collar-beam roof 
where height or head-room is of consequence ; but this was 
shortly after superseded by the form fig. 50, the adjustment 
of the screws, &Cv at A being more convenient than at 



fig. 49. With large spans, however, the wooden tie-beam 
continued in use for a long time. One of the best in- 
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Fig. 49. 



stances for the time it was executed may be found in the 
roof over the passenger-station at London Bridge of the 




Fig. 50. 

Croydon Railway. This roof, which is about 54 feet in 
span, is constructed with an iron king-post and ten sets of 
iron queens, with wooden struts. (See fig. 51.) It is, how- 




Fig. 51. 
Croydon Railway Ruof. 

ever, somewhat twisted on the face by the winding of the 
timber. The great fire at the Houses of Parliament, and 
subsequently at the Royal Exchange, drew attention 
strongly to the importance of fire-proof roofs; and the first 
of these structures of any size or importance was designed 
by Sir Charles Barry for the new palace at Westminster. 
Fig. 52 shows the section of that over the committee- 
rooms in the front next to the river. This is entirely of 
wrought iron, excepting the shoes, by which the ends of 
the various pieces are connected. The iron is flat bar, 
simply cut to lengths, and punched to receive the bolts 
that pass through them and the shoes. They vary in 
width from 2 to 3^ inches, and in thickness from f ths to f ths. 
These light principals are not quite 3 feet apart, and are 
covered with a species of galvanized iron tile reaching from 
one to another, hung on a sort of connecting-rod without 
purlins. It is stated that the sulphurous acid in the smoke 
of London is already causing serious oxidation, and several 
methods have already been tried to prevent premature de- 
cay. This is to be regretted, as the material is very pic- 
turesque in character, as well as light, and not expensive. 
Some fault at the time was found with the construction of 
the shoes or connecting-plates, but they stand perfectly 
well, and there has been no failure. The suspension-rods 
at each sid^ of the kin/f are a peculiar feature ; they not 
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Boot, only keep up the tie, hut bind the roof together at each 
intersection. 
Fig. 63 shows the roof over the House of Lords. This is 



of much larger span, being 45 feet, while the former is 
28 feet 3 inches. It is of exactly similar construction, 
except that the struts, wall-phites, purlins, and bearers are 
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Fig. 52. 

New Hoasefl of Parliament — Roof over North and South Cartains. 

of cast-iron, tne section of the struts being the form of a are 7 feet 6 inches apart — more than twice as much as the 
cross. The suspension-bars are double. The principals other roof, which of course necessitates the use of purlins. 




Fig. 58. 



These carry two common raflers 2 feet 6 inches apart, this 
being the width of the iron plate or tile with ^hich the 
roofs are covered. 

Much animadversion has been expressed as to these 
roofs. The nearness of the principals has been criticised, 
as well as the small subdivision of detail ; in fact, we shall 
shortly show roofs of three times the space with a less 
number of junctions, the principals of which are very much 
farther apart : so in this respect they are very mudi more 



economical. But it must be remembered these Gotliic 
roofs are of high pitch, while the others are very flat ; and 
therefore more struts and queens are necessary ; and that 
the distance of the principals was regulated in great mea- 
sure by the nature of the covering. If we also consider 
they were the first roofs of the kin^ we think they may be 
regarded with great commendation. The progress of rail* 
ways caused a great demand for light roofs of every snan 
and length, and the fiicilities for obtaining rolled T and L 




ROOF. 



1 

\ 



iron, and the machines invented for punching and rivetting, 
combined with the fact, that iron was not only the lightest 
material of its strength, but was at the same time incom- 
bustible^ brought it day by day into more ^neral use. 



The awkwardness of fitting wooden struts to an iron tie-rod 
suggested the use of cast-iron for that purpose ; and a very 
pretty light roof, first used on the Manchester and Bir- 
mingham line, waa invented (fig. 64), which has nnoe been 
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Fig. 54. 
Engine-Houae Roof, Manchoster Station. 



of almost universal adoption for moderate spans. For small the same prindple as in fig. 54 u carried out, but to a much 



spans, a very simple and cheap contrivance was used larger scale ; fig. 57 shows the details of the strut 
(fig. 55). It is composed of ordinary wrought-iron tubing: A the principal rafter, and tie. This roo^ however, is 



AC, 
weak 




Fig. 55. 



is a common tee-piece with right and left screws ; the king 
and tie are thus brought together, the other ends first being 
put into the fire, and hammered into the form of straps. 
The considerations before named soon caused the aban- 
donment of the use of wood as principal rafters altogether. 
Some important roofs were constructed with rafters of cast- 
iron ; but this is a material which, if it gives way, breaks 
Quite suddenly, and without any warning s and by degrees 
tne rolled T iron superseded its use. A very large roo( 
87 feet in span, was erected at Paris on the Quai Jemappes, 
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Fig. 56. 
over the Providence magazine, as shown in fig. 56, where 



Fig. 57. 

between A and B, there being too long a bearing without 
a strut. It was, however, much improved at Paris at the 
terminus of the Rouen BLailway, where one of a span of 
88 feet 6 inches was erected, as shown in fig. 58 ; whUe 
fig. 59 shows the detail of the junction of the ties and 
struts. The introduction of more struts has much strength- 
ened the principal rafter ; but the triangle ABC is too 
large, and ought to have been subdivided by another strut 
from B to D, the point C being unfiurly loaded, and 
there being a tendency to sink at the point D. A stUl 
larger rool^ 97 feet 5 inches in span, was shortly after put 
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Uoof. up At the terminus of the Strasburg Railway at Paris (fig. a defect in making the centre part of the tnisung two psral- Bool. 
. ,„ 1^,1 60), This is of an arched form, the principal rafter being lelc^rams, which could be easily prevented by the introduc- ^«v*' 
a huge circular arc of vrought iron fi-aniea on the trellis 
prindple. The top and bottom ribs are of rolled T iron, 
3} inches deep, with a Sj- flange, the web of the metal 
being fths thick. The struts are of cast-iron. The rods 
whid) tie this vast structure together are only from If to 1) 
inch diameter. The walls which support it are above 40 feet 
high ; and tlie effect is almost cobweb-like, so slight do the 
ties appear when viewed from beneath. There is perhaps 




tion of a strut Irom A to B. The ex- 
treme inconvenience of having columns 
or other internal supports to a rwlway 
sta^on, and the success of these large 
roofs, emboldened our engineers day by 
day to increase their spans \ and in the 
year 1850 Mr R. Turner of Dublin 
erected theroof over the great station at 
Liverpool. This was S74 feet in length, 
of the enormous snm of 168 feet, and of the piinciple 
shown in fig. 61. The height of the springing is 25 feet, 
and to the crown 5£ feet. The principals are 21 feet 
6 indies apart, and are more like a trussed girder than 



the ordinary form of roof, lliey are composed of a rib or 
arc of rolled iron 9 
inches deep and {ths 
of an inch thick, 
with top flan^ 4} 
and bottom S mchea 
wide ; on this is 
rivetted a plate 10 
inches wide and ^th 
of an inch thick. 
From the springing 
to the haunches 
these ribs are 
strengthened byi 
plates rivetted on' 
both sides. The 
struts radiate as 

shown, and are con- o- .q 

structed like the *^*- *^- 

ribs, but are only 7 inches in depth. From strut to strut 
there are three sets of tie-rods between the two extreme ra- 
diating struts, and two between the others, varying 
from 2 inches to 1^ inch in diameter. The dia- 
gonal braces are If inch. The ends of the prin- 
dpol are secured to a chair of cast- 
iron, restine partly on cast-iron co- 
lumns, partly on the walls of the office, 
and portly on a box-girder 
Each purlin is composed of 
three pieces of T iron. The 
centre piece runs straight 




Bnof of Station, Strubnrg lUllwsy, Puts. 



front Drincinal to nriiKinal, the other two branch off, so as to strut thera in three points ; besides this, they are crossed by 

2 K 
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diagonal braces; so that the whole roof is trussed fore and are made by linldne-plates, much like those in fig. 69- 
aft, and forms one solid mass of framing. The attachments The roof is covered partly with comieated saivanized 



corrugated gai^ 




iron of No. 16 guage, and partly with glass, in 
sheets averaging 12 feet 4 inches by 8 feet 6 
inches, and f ths of an inch thick. 

But this roof, vast as it is, sinks into compara- 
tive insignificance by the side of that over the joint station 
in New Street Birmingham (fig. 62), which was finished 



m 1854, and b the largest and lightest in the world. It 
is about ^thof a mile in length, and varies from 191 to 212 
feet in width, the ground being irregular. It spans at once 
ten parallel lines of railway, four passenger plaUbrms, and a 
long carriage road. The principals are 24 feet Apsrt, and 
are supported on one side by the walls of the offices, and 
Dn the other by cast-iron columns 2 feet in diameter, con- 
nected together at the top by cast-iron arched girders. The 
top of these, on which the principals rest, is 33 feet above 
the rails ; the tie-rod has a versed sine of 17 feet, the curved 
principal is 23 feet deep^ and the total height to the top of 
the louvre is 84 feet. The rib forming the principal rafter 
is of rolled iron 15 inches deep, and ^|ths of an inch in 

thickness. In each edge, both 
at top and bottom, are rivetted 
two angle irons 6 by 3, which 
together form two flanges 12} 
indies wide. All junctions are 




Jff/« j/wa — 



Fig. 62. 



made to break joint, and have plates rivetted on each side, 
forming a species of fishes. The tie is a solid rod 4 inches in 
diameter, and is thickened out at every screw ; so that the 
full diameter of the rod is preserved independent of the 
thread of the screws, which are right and left handed, and 
which meet at wrought coupling-boxes. On these the struts 
and diagonal braces take their seating ; this is a cast-iron 
shoe with the requisite lugs and bolt-holes, and which clips 
the coupling-box, and is screwed to it from beneath. The 
diagonals are of f ths rolled iron, varying from 5 to 3 inches 
in width. The struts, twelve in number, are of very original 
construction. They are vertical, composed of four pieces of 
angle iron set back to back, as if upon the four comers of 
a square, and are kept apart by iron crosses to which they 
are bolted. These crosses are larger in the middle of the 
strut than at the ends, so as to cause the angle irons to 
curve out each like a bow, and form a sort of open swelling 
strut, which is not only very strong, but has a very pleasing 
effect At one end these vast ribs are secured to stones 
let into the wall ; at the other, which is over tlie colunms, 
are sets of plates, one attached to the foot of the ribs, and 
the other to the girders, between which are a series of 



rollers 2 inches in diameter, on which the ribs have 
play, so as to compensate for contraction or ex- 
pansion of the metal by change of temperature. 
The purlins are of wood 6 inches square, and are 10 
feet apart, trussed with three-quarters tension-rods. Louvres 
for ventilation are shown in the figure. A little more than 
half the roof is covered with rough-rolled fluted glass 
^ths thick, each plate being 6 feet long and 16 inches 
wide ; the other part is covered with galvanized corrugated 
iron. Some idea of this vast construction may be formed 
when we are told it comprehends 2 acres of galvanized 
u^n covering, and rather more than 2 acres of glass. This 
last weighed 115 tons, and the whole iron work 1050 tons. 
The cost was L.32,274, or about L.19 per square ; but 
iron at that time was exceedingly low in price-— more so, 
in fact, than had ever been known. 

A very ingenious roof (fig. 63) has just been erected 
over the new Royal Italian Opera- House at Co vent Gar- 
den. It was designed by Mr Edward Barry, and is 90 faet 
in span, and on the ridge-and-furrow principle. The spans 
being supported by a series of double-trellis girders 9 feet 
deep, and 19 feet 6 inches apart firom centre to centre, 
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between which are the painting-rooms, carpenters^ shops, (fig. 63) being, in &ct, box-girders for a length of 8 feet 9 
&c They are entirely of wrought iron, the ends AB inches. A double set of iron trellis is then constructed, as 





Fig. 68. ^ 

Trellis Girder and Boof, Royal Italian Opera. 

in fig. 63, 9 feet deep, and 6 inches apart. On the top series of angle iron b rivetted, on the top and bottom of 
and bottom of each set, and on both sides (fig. 64, AB), a which, again, a plate of flat iron is also rivetted, forming 




Fig. 64. 



upper and lower compression and tension flanges 1 foot 6 
inches wide. The whole may be regarded as a perforated 
hollow beam 90 feet long, 9 feet deep, and 6 inches in 
thickness, having, as has before been stated, top and bot- 
tom flanges 1 foot 6 inches wide. From each of these rises 
a light transverse roof 19 feet 6 inclies in span, the gutter 
of which is on the top of the girder. The tie and king are 
of flat iron, and the struts, raflers, and purlins of T iron, all 
as shown in fig. 64. At the top are slcylights which open 



for ventilation ; the rest of the roof is covered with slabs of 
slate. The floor of the painting-rooms is supported by iron 
bearers (CC, fis. 63), on which fest coniimon joists and the 
ordinary boarding. The strength is enormous, and the 
construction has tliese advantages : It is not only lighter 
than any known roof, but there is no thrust in the walls; on 
the contrary, it tends to tie them together, and there is no loss 
of room, as the interval between each ffirder forms a fine 
room 90 feet long, 19 feet wide, and 9 feet high. (a. a.) 
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Jointly. ^ Ths eitablbhment of the principles of joinery on the 
' sound basts of geometrical science was reserved for Nichol- 
son. In his Carpenter^s Guide^ and Carpenter and Joiner's 
Asiistanij published in 1792, he has made some most valu- 
able corrections and additions to the labours of his prede- 
cessors. 

Corresponding improvements were also made in the prac- 
tice of joinery, for which we are much indebted to the late 
Mr James Wyatt. But the art is still far short of perfec- 
tion. In facty in some respects it seems to ' ave retro- 
graded. It is seldom we find large glued-up pannels will 
now stand well. Mouldings of great girth give at the 
mitres, doors wind, and skirtings shrink from the floors, in 
a way seldom seen in old houses. Our sashes, perhaps, 
are made better than the heavy tmrred windows of a cen- 
tury and a half ago. In no other respect, however, has 
joinery made the progress which has been made in other 
arts. The improved state of naachinery has also done but 
little for its excellence, though the circular saw-bench, the 
planing machines, the moulding machines, and the mor- 
tising machines, have done much to reduce the cost of 
labour. This last machine was suggested by us in the 
edition of the Eneyclopadia Britannica (1830), ova atten- 
tion having been drawn to it from the improvements in the 
art of block-making. 
Progren of The principles of joinery were cultivated in France by a 
joinery in very different class of writers. The celebrated Blondel had 
France. given details for the construction of shutters, wainscoting, 
doors, hinges, fiistenings, &c, in his work Palais el Mai' 
sons de CSimpagne. In the extensive work of Frezier, 
entitled Cot^ des Pierres et des Bois, 3 vols. 4to, 1739, 
all the leading principles are given and explained with 
tedious minuteness, offering a striking contrast to the bre- 
vity of our English writers. The first elementary work on 
that part of geometrical science wliich contains the prin- 
ciples of joinery appeared in France in 1705, from the pen 
01 the celebrated Gaspard Monge, who gave it the name 
of GSometrie Descriptive. Much of what has been given 
as new in English works had been long known on the Con- 
tinent ; but there does not appear to have been much, if 
any, assistance derived from these foreign works by any 
writer prior to Nicholson. In fact, this writer has been the 
founder of all the subsequent works on the subject: Peter 
Nicholson's Carpenter and Joiner's Assistant has been 
published again and again, in various forms, with additions 
from time to time, by different hands. For revived medi- 
aeval and Elizabetlian joinery, particularly as adapted to 
windows and staircases, Weales Carpentry 9 4to, 1849, 
will be found of great value ; and most modem improve- 
ments are given m Laxton's Examples qf Building Con- 
structionj now in course of publication. 

The most celebrated French work which treats of joinery 
is Rondelet's L*Art de Bdtir. It is also die best foreign 
work on the subject that we have seen ; but it is little 
adapted to the state of joinery in England. In practice 
the French joiners are very much inferior to our own. 
Their work is rough, slovenly, and often clumsy, and at 
the best is confined to external effect. The neatness. 



soundness, and accuracy, which is common to every part '^o^°**'y- 
of the works of an English joiner, is scarcely to be found ^""^v*^ 
in any part of the works of a French one. The little cor- 
respondence, in point of excellence, between their theory 
ana practice, leads us to think that their theoretical know- 
ledge is confined to architects, engineers, &&, instead of 
being diffused among workmen, as it is in this country. 
Rondelet's work occupied tourteen years (from 1802 to 
1816) in publication, since which Nosban^ Manuel de 
Menuiserie, 4 to, 1849; and Thiollet et Roux^ Noueeau 
Recueil de Menuiserie tor 1837, are the most celebrated 
works published in France. The latter is expressly to be 
commended. Much also may be learned firom the famous 
work of Col. Emy — TraitS de la Charpente^ atlas fioL, 
1847 — ^particularly with regard to framing. 

In cabinet-work the French workmen are certainly supe- 
rior, at least as far as regards external appearance; but 
when use, as well as ornament, is to be considered, our 
own countrymen must certainly carry away the palm. The 
appearance of French furniture is much indebtea to a supe- 
rior method of polishing, which is now generally known in 
this country.^ For many purposes, however, oopal varnish 
(such as coachmakers use) is preferable ; it is more dur- 
able, and bears an excellent polish. 

Geometry is useful in all, and absolutely necessary in Geometri- 
some parts of a joiner's business ; but it is absurd to en- eel know- 
counter difficulties in execution, and to sacrifice good ^^^g^ ^^' 
taste, convenience, economy, and comfort, merely for the *^**^y* 
purpose of displaying a little skill in that science. It is, 
however, a common fault among such architects as are 
better acquainted with geometrical rules than witli the 
production of visible beauties, to form designs for no other 
purpose than to create difficulties in the execution. 

But, when geometrical science is properly directed, it 
gives the mina so clear a conception of the thing to be 
executed, that the most intricate piece of work may be 
conducted with all the accuracy it requires. 

The practice of joinery is best learned by observing the Precttoe of 
methods of good workmen, and endeavouring to imitate J^'^^^'^y* 
them. But tlie sooner a workman begins to think for 
himself the better ; he ought always to endeavour to im- 
prove on the processes of others, either so as to produce 
the same effect with less labour, or to produce better 
work.* 

We intend, in this article, to give a pliun and simple ex- 
position of the most valuable principles of the art of joinery, 
which will, we hope, place many parts of the practice under 
a new point of view, and ultimately tend to improve them. 

Cabinet-making, or that part of the art of working in Cabinet- 
wood which applies to furniture, has little affinity withnsk^i^* 
joinery, though the same materials and tools be employed 
in both. Correctness and strict uniformity are not so 
essential in moveables as in the fixed parts of buildings ; 
they are also more under the dominion of fashion, and 
therefore are not so confined by rules as the parts of build- 



m<rs. 



Cabinet-making offers considerable scope for taste in 
beautiful forms, and also in tlie choice and arrangement of 



* The method of making and OBing the French polish ii minutely described in Dr Thomson's Atmals of PhUoicphy, toU zi. pp. 119 
and 371. 

' Descriptions of the tools, with Instractiont for oslng them, may be found in Mozon's work before quoted, and in incholson'a 
AtBchanical ExtreueM, Taylor, London, 1812. 
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Jola.117. (floured woods. It requires considerable knowledge of unially called a;>£m ofdie bodjr. When the projection is JtAnerj. 

— V^^ perspective, and also that the artist should be able to sketch upon a vertical plane, it may be an ekvalton or a tecHon of ^^-^-m^ 

with freedom and precision. the bodyj it is a taction when a portion is supposed to be 

If the cabinet-maker intend to follow the higher depart- cut off; and the plane of projection is usually parallel to the 

ments of his art, it will be necessary to .study the diflerent plane of the section, 

kinds of architecture, in order to make himself acquainted 4. Bodies may be divided into three classes, according 

with their peculiarities, so as to impress his works with the to the kinds of surfaces by which they are bounded. The 

same character as the rooms they are to furnish. first class comprehends those which are bounded by plane 

In as far as regards materials, and the principles of join- surfaces, such as cubes, prisms, pyramids, and the like, 

ing work, the cabinet-maker will find some useful infbmia- The second class contains those which are bounded in part 

tion in the second and third secdons of this arUcle. Many by plane euHaces, and the rest hy curved surfaces, as cylin- 

curious works ou furniture were published in the reigns of ders, cones, &c. The third including diose which are 

Louis XIV. and XV., also by Chambers and the Adams, bounded by curved surfaces only, as spheres, spheroids, &c. 
Cnidea't Joiner'i oTid Cabintl-Waker'i Darting, Bvo,\yyo, The projections of the first class of bodies will consist of 

is also a curious book. In ornamental composition he may straight lines ; those of the second class, of curved as well 

derive much benefit from Tatham's Etchinfft </ Atteimt as straight lines ; and those of the third class, of curved 

OmamaOai ArtAHeetwe, London, 1799; Percierand Fon- lines only. 

t^ae'i Reeutil dti Dicorationt Int^iewre* comprenant lovt 5, Let A BCD and CDEF (fig. 1), be two plane sur- pKJcctior 

ca qui a rapport A rAmevbUment, Paris, 1612; and, for faces, connected by a joint at CD, so that while the pUne of IIdm. 

general information, the Cabinet Dictionary and the Cabi- CDEF remains horizontal, the 

net-Maker and UphoUteret'* Drawing-Book, of Sheraton, plane ABCD may be placed per- 

may be consulted! But the most important works that pendicular to it, and thus repre- 

Goujd be considted are the various publications relative to sent a vertical plane. Then, if a 

the Great Exhibitions in London and Paris, 1861 and line be so placed in space that oA 

1856, where some of the finest sperimens in the world is its projection on the vertical 

were exhibited. Themostaccessibleto the English reader plane, and o'fi' its jirojection on 

are those given in the Art Journal and IllMtrated London the horizontal plane, its projection 

Jfetet. onanyotherverticalplane, HGEC, ''«■'■ 

may be determined. This is easily eSected, for we have 

seen, that if a perpendicular be drawn to the plane from 

SMT. I.-ON HAinSQ woBKDja DKAWTNQfl. ^j, ^„j ^f Ae'^Ven line, they will give the positions of 

I. In this section we propose to lay before the reader the ends of the line in the projection (art. 3.) Now, Uie 

the most important part of the principles of describing, on same thing will be done, by drawmg aa and bb perpen- 

■ plane surface, the lines necessary for determining bevels, dicular to EC, and settmg off the pomts a and i at the 

forming moulds, or any other purpose required in the prac- "me height above EC respectively, as a and 5 are above 

tice of joinery. The limits within which such an article as CD, then the hne aba the projection required. 

joinery must be confined, in a work like this, will not per- The heights may be transferred fi^m one vertical plane 

mit us to enter much into detail on the various points to be » another when they are both supposed to be laid flat, by 

Ulustrated in this section ; but we hope, by judicious selec- drawing the Ime I C, so as to bisect the angle ECD, and if 

tion, to place under one point of view the principles that ob be parallel to CD, meeting IC in e, then a line drawn 

are most useful to the joiner. parallel to EC, from the point c, will give the heieht of the 

point b , and so may be found the height of any other poinL 
Proieclian of Bodiei ^' ^^ '''* P*rti'^''I*' case We have drawn, none of the To deter- 

^"^ •' ' projections represent the real length of the given line. To ""'"^ **** 

XB(nr»or ^" * '^^■'' idea of the nature of projection is so essential obtain this length, draw a'e oarallel to CD, and with tlie'"?"'°J' 

i>rDJ«ctloii '" »udcing working drawings, that, in our endeavours to radius ab' describe the arc be cutting a'e in e; draw 'fe[||!^.**' 

illu>Lnt«d. illustrate il; we cannot proceed upon principles too simple, perpendicular to CD, cutting the line ebin d; join ad, and 

In the first stage of such an inquiry, experiment furnishes it is the lengdi of the given line. 

at once the most clear and satisfactory evidence, parti- The real lengths of Tines frequently are not given, there- '^j*'*""'' 

cularly to those who are not &miliar with mathematical fore another general method of finding them will be use- p''"**' 

EuUects. ful, and which may he stated as follows :— the length of 

If some small pieces of wood, or pieces of wire, were an inclined line projected upon a plane is equal to the hy- 

joined tt^ther, so as to represent the form of a solid body, pothenuse of a right-anglea triangle, of which one side is 

a cube for example, and it this figure were held between the projection upon the plane, and the other side is the dif- 

the sun and the sur&ce of a plane board, then the shadow ference between the perpendicular distances of the extremes 

of the figure upon the board would be its projection upon of the line from the plane. 

that plime. From this simple experiment it will appear, 7. In fig, 2, ab'ed represents the horizontal projection, 

that the projection of any line placed in the direction of or plan, of a rectangular surface, and the elevation ab 

the sun's rays will be a point : the projection of any line shows its inclination ; and its pro- 

paiallel to the plane will be of the same length as the line jection against another vertical ^ 

Itself, and the projection of any line inclined to the plane plane, making any angle ECD 

will be always shorter than that line. with the former, or plane of eleva- 

8. We have supposed the board to be placed at any tion, is shown by ab'cd. GC 

SDgle with the direction of the rays of the sun ; but, for our beiDgperpendiculartoEC,andAC 

present purpose, it is sufficient to consider them to &11 per- perpendicular to CD, the heights 

pendicularly upon it ; hence it is obvious, that to project a may be transferred by means of 

straight line upon a plane, a nerpen dicular to the plane arcs of drcles described from C as 

should be let fall from each end of the line, and the line a centre. Thb is a better method ** 

Joining the points where the perpendiculars meet the plane than that by bisecting the angle given in fig. 1 ; but neither 

wilt be the projection required. of them so good, in practice,'as setting off the heights with 

When a projection is made upon a hnrizoDtal plane, it is the compasses, or with a lath. In our figures it is deiira- 
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Joinary. ble to Bhow the connection of correBponding parts as much 
■•^Kt/^B^ as possible ; therefore, the reader will bear in minti that 
many of the operations we describe may be dooe with fewer 
lines when the operator is fiilly master of his subject. 

8. It may be further noticed in (his place, that when a 
point is to be determined in one line by the intersection of 
another, the lines should cross each other as nearly at right 
angles as possible j for, when the intersecting lines cross 
very obliquely, a point cannot be determined willi any to- 
lerable degree of accuracy. 
PngactioD 9. A curved line can seldom be projected by any other 
of curved means than by finding a number of points through which 
■urraeea. ^^ aiTve may be traced. Rules ibr all these cases, and 
for the development of surfaces, will be found under the 
heads GEOUETBr, Como Sections, Pbojectioh, &&, kc, 
and would swell our work to too great a length were we to 
repeat them. They are also more applicable to the car- 
penter than the joiner. An exceedingly good practical 
treatise is furnished in Weale's Carpentry, 4to, 1849, vol. i, 
where fiitl directions are given to nnd the lines for the de- 
velopment of circular niches, circular-headed sashes, domes, 
niches, groins, &c., &c. 

To determine the Angle formed by two Inclined Planet. 

Toflnd tha 10. The angle made by two pl^es which cut one an- 
uigle of other, is the angle contained by two straight lines drawn 
plaoM in- fi^Q, any ^^1,^ tame) point in the line of their common sec- 
0^ ^''"'' ^^ '^8^^ angles to that line ; the one in the one plane, 

t],pf and the other in the other. This angle is the same as that 

which the joiner takes with his bevel, the bevel being always 
applied so that its legs are square from the arris, or com- 
mon section of the planes. 

If two lines, AB and CD, be drawn upon apiece of paste- 
board, at right angles to one another, crossing at the point 
£, and the pasteboard be cut half through, according to 
the line AB, so that it may turn 
upon that line a* a joint; then, to 
whatever angle, CED (fig. 3), the 
parts may be turned, the lines EC 
and ED will be always in the same 
plane. AJBO) a line FD, drawn from 
any point D, in the line ED, to any 
point F, in the line EC, will be al- 
ways in the same plane. From these 
self-evident properties of planes, it 
is easy to determine the angle j^^ ^ 

formed by any two planes, when 

two projections, or one projection and the development of 
the surfaces, are eiven. 

II. Let ABC (fig. 4), be the plan of part of a pyramid, 
and BD the elevuion of the arris, 
or line formed by the common sec- 
tion of the planes in respect to the 
line £B ; £B being the projection 
of that arris upon the plan. 

Draw AC perpendicular to EB, 
cutting it in any point E, and from 
E draw EF perpendicular to DB. 
With the radius EF, and centre E, " 
cross EB in/ and join A/'andyCj 
then the an^e AjC is the angle 
formed by the planes of the pyra- 

The angle may be constructed 
when the plan and elevation of any 

two lines drawn in the planes, so as to intersect in the arris, 
are given ; but as these projections are not often given in 
drawing of joiners' work, we have inserted the preceding, 
though it be a lets general method. 

Tne backing, or angle for the back of hip-rafters in cor- 
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pentry, and of hipt)ed sky-li^ta, is found in lliia manner; . 
ABC b«ng, in that case, supposed to be the plan of an s. 
angle of the roof or sky-lig^t, and DB the inclination of 
the hip-rafter. 

12. To show how the angle formed by two planes may 
be found when the plan and development 
are given, let it be required to find the 
angle contained by the two fiices of a , 

rre pyramid, fig. 5. Let ABC be the 
of a square pyramid, draw aQ per- 
pendicular to, and bisecting AB, and make 
aC equal to the slant height of the pyra- 
mid ; then with the centre C, and radius 
AC, describe the arc A 1 23, and make 
A 1, 12, 2 3, respectively equal to AB. 
Join C 1, C 2, C 3, and the four triangles wiU show respec- 
tively the four surfoces of the pyramid. 

Next draw FB perpendicular to AC, and with the radius 

BF, and centre B, describe the arc FG. Then, with the 
radius DB, and centre F, cross the former arc in G, join 

BG, and FBG is the angle formed by the two inclined 
faces of the pyramid. 

Mouldingi 
Used in joinery are generally composed of parts of cirdea, 
and differ somewhat from th(»e used in stone. „„„„„„ 
(See Abchitectuke.) Those which present ^^^^ 
the conveJi side to the eye ore fig. 6, which ^^^^ 
is merely a rounded edge ; fig. 7, if of small nt-ft 
size, a bead ; if large (fig. 8), a torus : fig. 9 sfaowi the torus 
and bead U^ther ; if 
there is a deep sinking 
under ahead (fig. 10),itis 
called a quirketfor cock 
bead; if there be two 
such nnkings, so as to Fii r 
show three quarters of a circle m 
the bead, it is called (fig, 11), n 
double quirked bead ; two or more 
beads, ude by side (fig. 12], are 
called reeds; the fourth pwt of "»'^ "'■»■ 

a circle, or half a bead (fig. 13), is called an ovolo, or quar- 
ter round. 
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13. Amoulding composed oftwo convex parts is also ca 

an ovolo, and is delineated thus, — Let the points A, B I 

14), represent the height of 

the moulding and extremi- 
ties of the curves, from C e 

as a centre draw any circle \ 

at pleasure, touching a per- 
pendicular let M from A, 
join AB and draw a line 

parallel to this, touching the 

circle at D, join DC and 
produce it towards E, then ^'>- " 

join DB and make the angle DBE, equal to B 
£ as a centre draw the rest of the curve BD. 




14. In concave mouldings, a simple curved grooving (fig. 
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L^?" J S^^ * hoMow.jwo or more Buch grooves (fig. 16), are tenor angle, ihe form of the level moulding being given, it 

necessary that the form of the inclined moulding Bhoild 



,/ called flutei ; a hollow rorming the 
fourth of a circle (fig. 17), is called 
a cavetto ; if the curve die into a 
plane &ce, and the line be con- 
dnued (6g. 18), it is a tcape or listel, 
a deep hollow, generally used as a 
base moulding (fig. 19), is called 
scotia, '- '- - ■ 
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be determined, so that the corresponding parts of the s 
feces of the two mouldings should meet in the same plane, 
this plane being the plane of the mitre. It may be other- 
wise expressed, by saying that the mouldings should mitre 
truly together. 
._.-,. If the angle be a right angle, the method of findine the 

IB set out thus,— Let ab be the height of the ''M™ "ftlic inclined moulding is very essy; and as it is not 
■equired mouldmg, divide the same into three equal parta, 'ery difficult for any other angle, it may perhaps be best 
— to give a general method, and to illustrate it by examples 

of common occurrence. 

Gtnerai Method <^ describing a Raking Moulding, tehen 
the AngU and the Rahe, or ineliwUion tf the Moulding 
is given. 




FIl'lB. Fit.l». 

one of which will be at <^ from which as a centre draw the 
circle iwd; draw ed parallel through c, and fiom d, with 
the distance de, draw the quarter cirdi ~ 




IS. In mouldings which are partly convex end partly con- 
cave, there are two sorts, the cyma recU 
and cyma reversa, or ogee ; these may be 
drawn in two ways, tH they are required 
to be bolder or flatter (figs. 20, 21, 22, 
23). Grecian mouldings are ^1 drawn 
on similar, principles, but are parts of 
conic sections instead of circles: they are 
often struck by hand. "'■'^ 

A plain square sinking on the edge of a board (fig. 24), 
for the purpose offrammg, is cJled a rebaUiIaw^j 
from the edge fig. 25), ii groove; placed under a cap (fig. 
26), or as a neck.ng (fig. 27^ it is called ^JUUt; threJsucli 
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fillets under an ovolo, when composing part of the capital 
of a column (fig. 28), are called annukU. 



17. Let ABC (fig.29),be tlie plan of the angle of abuild- GenenJ 
ing, piece of framework, or any other method, 
body, which is to have a level 
^ moulding on the side Afi ; and this 
I level moulding u to mitre with an 
]' inclined moulding on tlie side BC. 
'^ Also, let CBD be the angle the 
inclined moulding makes with a 
level or horizontal line BC. 

Produce AB to b, and draw Cb 

perpendicular toAB; also make DC 

perpendicular to BC, and rfC per- 

Hg.M. pendicular to 6C. Set off Crf equal to 

CD, and join bd: then the inclined moulding roust be drawn 

on lines parallel to bd. 

Let 1, 2, 8, 4, &C., be any number of points in the given 
section of the level moulding ; from eacli of these points, 
draw a line parallel to bd, and draw A 6* perpendicular to 
bd. Set off the points 1', 2*, 3", 4', &c, at the same dis- 
tances, respectively from the line A 6', as ihe correspond- 
ing points 1, 2, 3, 4, &c, are from ihe line AB, and through 
the points 1', 2*, 3*, &c., draw the moulding. The mould- 
ing thus found will mitre with the given one ; also, suppos- 
ing the inclined moulding to be given, the level one may 
be found in like manner. 

If the angle ABC be less than a right angle, the whole 
process remains the same ; but when it is a right angle, BD 
coincides with bd; and the method of describing the 
moulding becomes the same as that usually eiven ; as it 
does not then require the preparatory steps which are ne- 
cessary when the angle is any other than a right angle. 

18. It is in pediments, chiefly, tlial the method of form- j.^, p^,. 
ing raking mouldings is of use. Pig- 30 represents part of meet* 
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In alt kinds of framing, the mouldings which rise above 
the style* are called bolextion mouldings. See I'n/ra, fig. 

Raking Moulding*. 

I^^l"? 16. When an inclined or raking roouh 

■«""»'"fP- join with a level moulding, at either an 




a pediment ; AB is that part of the level moulding which 
mitres with the inclined moulding; all tliatnart of the cor- 
nice below B being continued along the front, the lower 
members of the ralang cornice stop upon it, and, therefore, 
do not require to be traced fiom the other. 

In that part of the cornice marked AB, set off a suffi- 
dant number of points ; and from each of these points dra* 
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JokavTf. ft line paiallel to the rake, or inclination of the petlimenL 
'<-»y>-v/ Abo, let « vertical line be drswn to each of the same poind 
from the horizontal line n. Make St perpendicular to the 
inclination of the pediment, and with a slip of paper, or by 
means of arcs of circles, transfer the distances on rS to the 
line r'S, and trom the points thus found, draw lines narallel 
to St s the intersection of these, with the inclinea lines, 
will determine the form of the moulding, as is indicated by 
the letters. 

When a pediment has a cornice with modillions, the 
caps of the modillions require to be traced by the same 
method. 
Tor akirt- 19. It sometimeB happens that an inclined base-tnould- 
ingt, Ac ing has to mitre with a level one at an angle ; and as the 
same thing occurs still more frequently with other mould- 
ing, such as corniceii under the steps of stairs, &C., we shall 
g^ve another example, which will serve still farther to illus- 
trate the method of proceeding in such cases. 

In fig. 31 a raking base- moulding is shown, where the 



F1(.IL 

inclined moulding B is traced to mitre with the horizontal 
moulding C ; and the horizontal moulding A is traced to 
mitre with tlie inclined one B. The preceding examples 
being understood, the lines and letters in the figure will 
be sufficient to ^ow the mouldings are traced. On the 
same principle the lines for the angle bars of shop sashes, 
may be readily found. 
Reroarlu ^'^* Mouldings being almost the only part of modern 
oa mould- jcnners' work which can, in strictness, be called ornamental, 
tngi. and consequently that in which the taste of the workman 

is most apparent, we shall offer a remark or two that 
may have their use. The form of moulding should be dis- 
tinct and varied, forming a bold outline of a succession of 
curved and flat surfaces, disposed so as to form distinct 
masses of light and shade. If the mouldings be of consi- 
derable length, a greater distinction of parts is necessary 
than in short ones. 

Mouldings for the internal part of a building should not, 
however, have much projection ; tlie proper degree of shade 
may always be given, with better efiect, by deep sinkings 
judiciously disposed. The light in a room is not sufficiently 
strong to relieve mouldings, without resorting to tliis me- 
thod ; and hence it is that quirked mouldings are so much 
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should be a quick woHimaa, but it is still more so that he JoImtj 
should be a good one ; that he should join his materials ^-'^,'— 
with firmness and accuracy j that he should make sur&ces 
even and smooth, mouldings true and regular, and the 
parts intended to move so that they may be used with ease 
and fireedom. It is also of the greoteet importance that 
the work when thus put together, should be constructed of 
such sound and dry materials, and on such principles, that 
the whole should bear the various changes of temperature, 
and of moisture and dryness, so that the least possible 
shrinkage or swelling should lake place. This last point 
will be treated further on. 

Where dispatch is considered as the chief excellence of 
a workman, it is not probable that he will strive to improve 
himself in his art lurther than to produce the greatest 
quantity of barely tolerable work with the least quantity of 
labour,. Id some articles of short duration, dispatch in the 
manufiiJcture may be of greater importance ; but in works 
that ought to remain firm for years, it certainly is bad eco- 
nomy to spore a few shillings' worth of labour at the risk 
of being annoyed with a piece of bad work as long as it 
will hold (ogeUier. 

We have seen, with no small degree of pleasure, the 
effect of encouraging good workmanship in the construc- 
tion of machinery, ana would recommend that a like en- 
couragement should be given to superior workmen in other 
arts. 

Jatnitig Angle*. 

22. Wlien the length of a joint at an angle is not consi- ^ir. ' * i 
derable, it is sufficient to cut the joint, ingiS° 

so that when the parts are joined, the 
daneof the joint shall bisect the angle. 
This kind of joint is shown for two 
different angles, by fig. 32, and is 
called a mitre. 

When an angle of considerable 
length is to be joined, and the kind ' 
of work does not require the joining 
should be concealed, fig. 33 is ollen 
employed ; the small bead renders the 
appearance of the joint less objection- 
wle, because any irregularities, from 
shrinkage, are not seen in the shade 
of the quirk of the head. 

A bead upon on angle, where the 
nature of the thing does not determine 
it to be an arris, is attended with many advantages ; it is 
less liable to be injured, and admits of a secure joint, with- 
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21. The goodness of joiners' work depends chiefly upon 
the care that has been bestowed in joining the materials. 
In carpenlry, fi'aming owes its strength to the form and 
position of its parts ; but in joinery, the strength of a fivme 
depends upon the strength of the joining The import- 
ance, therefore, of fitting the joints togeuier as accurately 
as possible, is obvious. It is very dewvble that a joiner 
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out the appearance of one. Fig. 34 shows 
description, which should always be used in 

Fig. 35 represents a very good joint for an 
whether it be a long or sliort one. Such a 
joint may be nailed both ways. But the joint 
represented by fig. 36 is superior to it ; the 
parts being drawn together by the form 
of the joint itself, they can be fitted with 
more accuracy, and joined with certainty. 
The angles of pilasters are often joined, as 
fig. 36. 

InterioE »ngles are commonly jtuned, oi 



a joint of this 
I passages, 
exterior angle, 
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.loinery. ahowa by fig. 87. If the upper or lower edge be visible, 
"""v^^ the joint is mitred, as 

in fig. 32, at the edge 

only, the other part 

of the joint being 

rebated as in fig. 35. 

In this nuuiner ore put 

together the skirting 

and dodo at the inte- . 

rior angles of rooms, 

the backs, and back- 

linings of windows, the 

jamlM of door- ways, 

and various other |wts 

of joiners' work. 

Fig. 38 is an excel- «<■» 

lent method of joining angles for drawers, frames for lead 

cbtems, boxes, &c., and is commonly called a dovetail i if 

■ portion of the junction is cut off at an angle of 45° (fig. 





lise is split by driving the parts U^ther, and the work is jaicery. 

never firm ; whereas if the tenon fill the mortise equally, ^..>.^.>b./ 

without using any considerable force in driving the work 

together, it is found to he firm and sound. The thickness 

of tenons should be about one-fourth 

of that of the framing, and the width 

of a tenon should never exceed about 

five times its thickness, otherwise, 

in wedging, tlie tenon will become j 

bent, and bulge out of the sides of |j 

the mortise. If the rail be wide, ii 

two mortises should be made, with III 

a space of solid wood between ; fig, || 

42 shows the tenons for a wide rail. Fit.ci. 

If the tenon occurs at the end of a piece of framing, it must 
be set back a little, so a* to allow sufficient solid wood to form 
a sound mortise; this is called ahaunching(see e, fig. 43). 
In thick framing, the strength and firmness of the joint 
is much increased by putting a cross or feather tongue in 
on each side of the tenon ; these tongues are about an inch 
in depth, and are easily put in wit^ a plough proper for 
such purposes. The projected figure of the end of a rul 
(fig. 42), shows these tongues put in, in the style there are 
grooves ptot^hed to receive them. 

Sometimes these projections are lefl in the solid wood 
itself in which case tney are called ttuTnp tenotu. 

Sometimes, In thick framing, a double tenon in the thick- 
ness is made ; but we give the preference to a single one, 
when tongues are put in the shoulders, as we have de- 
scribed ; because a strung tenon is better than two weak 
ones, and there is less difficulty in fitting one than two. 

The pannels of framing should be made to fill the grooves, 
BO a* not to rattle, and yet to 
allow the pannels to shrink 
89% while the portion at 6 is dovetuled, it is called a mitre without splitting. When the 
t&xwftii/; while if the portjon at a (fig. 40), passes the other mouldings are stuck on the 
portion at right angles, it is called a lap-dovttaiL. framing, as is often the case 

A very good joint is shown at fig. 41, the angles being in large stuff, it becomes ne- 
brought together at an angle of 45°, two or more saw curft cessary to find the lines to 
are cut witii a dovetail saw, and thin pieces of wood glued bring the angles together. In 
in as shown j tliis is called a keyed mitre. square framing, this is done , 

simply by cutting ab, cd tX n 
J-Vaming. „i(re . but if the firaming be ■ 

l%e object 2S. Frames in joinery are usually connected by morUse oblique anele, it is done by 
If frsmiDg. tenon joints, with grooves to receive pannels. Doors, win- 
dow-shutters, ftc, are fi-amed in tliis manner. The object 
in filming is, to reduce the wood into narrow pieces, so 
that the work may not be sensibly affected by its Etirinkage ; 
and, at the same time, it enables us to vary tlie surface 
without much labour. Besides this, as the strains from the 
grain of the wood are in different directions, the work is 
prevented from winding on its &ce. 

From this view of the subject, the joiner will readily per- 
ceive, that neither the parts of the frame nor the pannels 

should be wide. And as the frame should be composed of whole is then framed into 
narrow pieces, it follows that the pannels sliould not be very A, which is a section both 
long, otherwise the frame will want strength. The pannels of the styles and rails. 

of framing should not be more than 15 inches wide, and 4 24. When a frame consists of curved pieces, they are joinina 
feet long, and pannels so large as this should be avoided as oflen joined by means of pieces of mm carved 

much as possible.* The width of (he framing is commonly hardwood called keys. Fig. 45 is ^^^U P'''°' 

about one-third of the width of the pannel. the head of a Gothic window frame. 

It is of the utmost importance in framing that the tenons joined with a key, with a plan of the 
and mortises should be truly made. After a mortise haft joint below it. A cross tongue is 
been made with the mortise chisel, it should be rendered put in on each side of the key, and 
perfectly even with a float ; an instrument which differs the joint is tightened by means ol ^ 
from a single cut, or float file, only by having larger teeth, the wedges a, a. 
An inexperienced workman often makes his work fit too It is, however, a better method t( 
tight in one place, and too easy in another, hence the mor- join such pieces by means of a screw fi|.*fc 

by boring them, Mid inMrtlng Iron wires. Sn IVom. «/ tk« 




anele, it is done by »»»■ 

scriliing ; the angle at ab being determined by eye, ed is 
cut parallel thereto. 

Where large projecting or bolexioo mouldings are used 
the French have a very ex- 
cellent way of framing (fig. 
44), which it would be well 
to imitate in this country. 
Here C is the pannel round 
which the moulding B is 
framed and mitred, the 
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JolDtrj. bolt insteaA of s key, the crou tonguea being med whicii- 
'<— ^/^ ever method is adopted. Where the ends or the bolts can- 
not be allowed to project, they should be fixed as bfd-bottt. 

Joining toith Glue, 

Joining 25. It is seldom poBsible to procure boards sufficiently 

■rttbgliM. wide for pannelswitnouta joint, on account of heartshakes, 

which open in drying. In cutting out panncls, for good 

work, shaken wood should be carefully avoided. That part 

near the pith is generally the most defective. 

If the pannels be thick enough to admit of a cross or 
feather tongue in the joint, one should always be inserted. 
Tor then, if the joitit should &il, tlie surfaces will be kept 
e*en, and It will prevent light passing through, A very 
good way also is to glue a piece of strong canvas on the 
back of the paonel when the work is not intended to be seen 
on both sides. 

Sometimes plane surfaces of considerable width and 
lensth are introduced in joiners' work, as in dado, window 
backs, ftc ; such sur&ces are commonly formed of inch, 
or iniji ami quarter boards joined with glue, and a cross 
or feather tongue ploughed into each joint. When the 
boards are glued together, and have become dry, tapering 
pieces of wood, called keys, are grooved in, across the back, 
with a dovetail groove. These keys preserve the surface 
Btrught, and also allow it to shrink and expand with the 
changes of the weather. 
Qloelng op 2& It would be an endless task to describe all the methods 
enrvad that have been employed to glue up bodies of such varied 
work. forms as occur in joinery ; for every joiner forms methods 
of his own, aiid merely from his being most familiar with 
his own process, he will perform his work, according to it, 
in a belter manner than by another, which, to an unpreju- 
diced mind, has manifestly the advantage over it The end 
and aim of the joiner, in all these operations, is to avoid the 
peculiar impertections and disadvantages of his materials, 
and to do this with least expense of labour or material. 
The straightness of the fibres of wood renders it un&t for 
curved stir&ces, at least when the curvature is conuderable: 
Hence short pieces are glued together as nearly in the form 
desired as can be, and the apparent surface is covered with 
a thin veneer ; or the work is glued up in pieces that are 
thin enough to bend to the required form. Sometimes a 
thin piece of wood is bent to the required form upon a 
cylinoer or saddle, and blocks are jointra and glued upon 
the back ; when the whole is completely dry it will preserve 
the form that bad been i^ven to it by the cylinder. The 
curve should be' made a little " quicker" than the curve in- 
tended, as the stuff will always spring back a trifle on being 
released. 

A piece of work glued up in thicknesses should be very well 

done ; but it too often happens that the joints are visible, 

irregular, and in some places open ; therefore other methods 

have been tried. 

BudiDg 27. If a piece of wood be boiled in water for a certun 

by atcwq- time, then taken out and immediately bent into any parti- 

Ing or cular form, and it be retained in tliat form till it be dry, a 

boiling. permanent change takes place in the mechanical relations 

of its parts ; so that though, when relieved, it will spring 

back a little, yet it will not return to its natural form. 

The same effect may be produced by steaming wood ; 
but though both these methods have been long practised to 
a considerable extent in the art of ship-building, we are not 
aware that any general principles have been discovered, 
either by experiment or otherwise, that will enable us to 
apply it to an art like joinery, where so much precision is 
required. We ore not aware that it has been tried ; but, 
before it can be rendered extensively usefol, the relation 
between the curvature to which it is bent, and that which 
it assumesi when relieved, should be determined, and also 



the degree of curvature which may be given to a piece of a Joii 
given thickness. ^•»-' 

The time that a piece of wood should be boiled, or 
Steamed, in order that it may be in the best state for bend- 
ing, should be made the subject of experiments ; and this 
being determined, the relation between the time and the 
bulk of the piece should be ascertained. 

A novel and very simple and effective way of boiling sash- 
bars or thin articles has been dune thus (fig. 46). Take a 
piece of common cast-iron pipe of sufficient diameter, stop 



Pif-ta 
up one end vrith a plug of wood driven tight, fill the pipe 
with water, raise one end in a sloping portion, leaning it on 
a pile of bricks, and kindle a fire as ^own in the diagram. 

For the joiner's purposes we imagine that the process 
might be greatly improved, by saturating the convex side 
of each piece with a strong solution of glue, immediately 
afler beading it. By filling, in this manner, the extended 
pores, and allowing the glue to harden thoroughly before 
relieving the pieces, they would retain their shape better. 

28. Large pieces of timber should never be used in G 
joinery, because they cannot be procured sufficiently dry " 
lo prevent them splitting with the heat of a warm room." 
Therefore, the external part of columns, pilaste^^ and works 
of a like kind, should be formed of thin pieces of dry wood; 
and, if support be required, a post, or an iron pillar, may 
be placed within the exterior column. Thus, to form 
columns of wood, so that they shall not be liable to split, 
narrow pieces of wood are used, not exceeding five inches 
in width. These are joinud like the sUves o? a cask, and 
glued together, with short blocks glued along at each joint. 

Fig. 47 is a plan of the lower end of a column glued up 
in staves ; the bevel at A is used for forming the slaves, 
that at B is used for adjusting them 
when they are glued together. A 
similar plan must be made &yt the 
upper end of the column, which will 
give the width of the upper end of the 
staves. The bevels taken from the 
plan, as at A and B, are not the true 
bevels ; but they are those gene- 
rally used, and are very nearly true, «»• «■ 
when the columns are not much diminished. To find the 
true bevels, the principle we have given in art 19 should be 
applied. The same method may be adopted for forming 
large pillars for tables, &c 

If a column have flutes, with fillets, the joints should be 
in the fillets, in order to make the column as strong as pos- 
sible ; also, if a column be intended to have a swell in the 
middle, proper thickness of wood should be allowed for II 

When columns or pillars are small, they may be made of Smill r 
dry wood; and to secure them ag^nst splitting a hole should Iuiude. 
be bored down the axis of each columa. ^'' '^^ 



Fixing Joiner^ Work, 
29. We have hitherto confined our remarks to that part Fliin': 
of joinery which b performed at the bench j but by fiv the ■<"' " 
most important part remains to be conaidered. For, how- B*""' 
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Fig. 4a 



Fixing 
fkirtiDg 
for rooms. 



Joinery, ever wdl a piece of work may have been prepared, if it be 
not properly fixed, it cannot fulfil its intended purpose. 
As in the preceding part, we shall state the genenil prin- 
ciples that ought to be made the basb of practice, and illus- 
trate those principles by particular examples. 

If the part to be fixed consist of boards jointed together, but 
not framed, it should be fixed so that it may shrink or swell 
without splitting or winding. The nature of the work will 
generally determine how this may be effected. Let us sup- 
pose that a plain back of a window is to be fixed. Fig. 48 
is a section showing B the back of the 
window, A the window-sill, D the floor, 
C the skirting, and £ the wall of the house. 
The back is supposed to be prepared, as 
we have stated in art. 29, and that it is 
kept straight by a dovetailed key a. Now, 
let the back be firmly nailed to the win- 
dow-sill A, and let a narrow piece d, with 
a groove, and cross tongue, in its upper 
edge, be fixed to bond timbers or plugs 
in the wall ; the tongue being inserted also 
into a corresponding groove in the lower 
edge of the back of B. It is obvious, that the tongue being 
loose, the back B may contract or expand, as a pannel in 
a fiwme. The dado of a room should be fixed in the same 
manner. In the principal rooms of a house, the skirting 
C is usually grooved into the floor D, and fixed only to the 
narrow piece d^ which is called a ground. By fixing in 
this manner, the skirting covers the joint, which would 
otherwise soon be open by the shrinking of the b&ck, and 
fixim tlie skirting being grooved into the floor, but not fas- 
tened to it, there cannot be an open joint between the 
skirting and floor. When it is considered, that an open 
joint, in such a situation, must become a receptacle for 
dust, and a harbour for insects, the importance of adopting 
this method of fixing skirting will be apparent As groov- 
ing a floor is attended with considerable labour, and as the 
boards will sometimes twist, it is more common now to nail 
a small fillet to the floor, against which the back of the 
skirting rests, and, of course, has every room for expansion. 

In fixing any board above five or six inches wide, similar 
precautions are necessary ; otherwise it is certain to split 
when the house becomes inhabited. We may, in general, 
either fix one edge, and groove the other, so as to leave it 
at liberty, or fix it in the middle, and leave both edges at 
liberty. 

Sometimes a wide board, or a piece consisting of several 
boards, may be fixed by means of buttons, screwed to the 
back, which turn into grooves in the filming, bearers, or 
joists, to which it is to be fixed. If any shnnking takes 
place the buttons slide in the grooves. In this manner the 
landing of stairs are fixed, and it is much the best mode of 
fixing the top of a table to its frame. 

30. The extension of the prindple of ploughing and 
tongueing work together is one of the most important of the 
improvements that have been introduced by modern joiners. 
It IS an easy, simple, and effectual method of combination, 
and one that provides i^nst the greatest defect of timber 
work, its shrinkage. By means of this method, the bold 
mouldings of Gothic architecture can be executed with a 
comparatively small quantity of ma- ~ 
terial ; and even in the mouldings 
of modem architecture it saves 
much labour. For example, the 
moulded part of an architrave may 
be joined with the plain part, as wig. 4$, 
shown by fig. 49. If this method be compared with the 
old method of glueing one piece upon another, its advan- 
tage will be more evident. 

31. The architraves, skirtings, and surbase mouldinss, 
are fixed to pieces of wood called grounds; and as the 
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straightness and accuracy of these mouldings must depend Joiner/ 
upon the care that has been taken to fix the grounds truly ; 
it will appear, that fixing grounds, which is a part often left 
to inferior workmen, in reality requires much skill and at- 
tention ; besides, they are almost always the guide for the 
plasterer. Where the plasterer's work joins the grounds, 
they should have a small groove ploughed in the edge to 
form a key for the plaster. In old work the ground was 
generally hidden, but in modem work 
it is frequently shown, which is a saving 
of stuff: thus, instead of architraves 
being prepared as in fig. 49, they are 
made thus (fig. 50) — ^A is the rebated and 
beaded door-jambs, B the eround which 
is generally splayed at the back as a 
key to the plastering instead of being 
grooved. On this a thin piece of stuff 
is bradded to form the double-fiiced architrave, instead of 
sinking out of the solid, and on tliis the ogee, or ovolo 
moulding, is nailed. Again, with base 
mouldings A (fig. 61), is the ground 

the wall, on the top of 



fixed against 

which B is nailed as tlie upper mould- ^ 

ing, and C forms the skirting and lower 

moulding. 

32. In our remarks on construction, 
we must not omit to say a few words 
on laying floors, because it will give us 

an opportunity of pointing out a defect 

whicn might be easily remedied. The 
advice of Evelyn, to tack the boards Fif.si. 

down only the first year, and nail them down for good the 
next, is certainly the best, when it is convenient to adopt 
it ; but, as this is very seldom the case, we must expect 
the joints to open more or less. Now, Uiese joints always 
admit a considerable current of cold air, and also, in an 
upper room, unless there be a counter floor, the ceiling be- 
low may be spoiled by spilling a little water, or even by 
washing the floor. To avoid this, we would recommend a 
tongue to be ploughed into each joint, according to the old 
practice. When the boards are narrow, they might be laid 
without any appearance of nails, in the same way as a dow- 
elled floor is laid, the tongue serving the same purpose as 
the dowels. In this case we would use cross or feather 
tongues for the joints. A new system of floors has lately 
been used in London, to which the name of ^^ Victoria 
floors" has been given. A rough floor of boards, three 
quarters of an inch thick, is first laid, and the rest of the 
joiners' work fixed, and the plastering finished. When ail 
is done, an inch or inch ana quarter floor of plank, ripped 
down the middle, and consequenUy very little more tnan 
five inches wide, is laid ; the rough boarding being firsi 
covered with a layer of shavings, or old newspapers, or other 
waste paper. The boards are then dowelled on one edge 
and nailed on the other, and a very sound floor is thus 
formed, which neither springs nor creaks. We should fear, 
however, that insects would harbour between the boards, 
and if fi-equently washed the damp would get in between 
thejoints, and remain some time in the paper. 

There is a method sometimes used in laying floors, which Folding 
workmen call folding ; according to this method, two boards **^" ^^ 
are kid, and nailed at such a distance apart, that the space '^^ 
is a little less than the aggregate width c^ the boards in- 
tended for it ; these boar£ are then put to their places, and, 
on account of the narrowness of the space left for them, 
they rise like an arch between its abutments. The work- 
men force them down by jumping upon them. Accord- 
ingly, tlie boards are never soundly fixed to the joists, nor 
can the floor be laid with any kind of evenness or accuracy. 
We merely notice this method here, in order that it may be 
avoided, except in very common work. 
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Joinery. As boards can seldom be got long enough to do without 
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joints, it is usual, except in very inferior work, to join the 
ends with a tongued joint, as shown in fig. 62, where B is 
the joist. The etched board is first lud, and nailed to the 

joist. 

In oak floors, the ends are forked together sometimes, as 
shown at A (fig. 53), in order to render the joints less con- 
spicuous. 

The joints should be kept as distant finom one another as 

possible. 

Hinging. 

33. It requires a considerable degree of care to hang a 
door, a shutter, or any other piece of work in the best man- 
ner. In the hinge, the pin should be perfectly straight, and 
truly cylindrical, and the parts accurately fitted together. 

The hinges should be placed so that their axes may be 
in the same straight line, as any defect in this respect will 
produce a considerable strain upon the hinges every time 
th^ hanging part is moved, will prevent it horn moving 
freely, and is injurious to the hinees. 

In hanging doors, centres are often used instead of hinges ; 
but, on account of the small quantity of friction in centres, 
a door moves too easily, so that a slight draft of lur ac- 
celerates it so much in falling to, that it shakes the build- 
ing, and is disagreeable. We have seen this in some de- 
gree remedied by placing a small spring to receive the 
shock of the door. 

The greatest difficulty, in hanging doors, is to make 
them to clear a carpet, and be close at the bottom when 
shut To do this, that part of the floor which is under the 
door, when shut, may be made to rise above a quarter of 
an inch above the general level of the floor, which, with 
placing die hinges so as to cause the door to rise as it opens, 
will be sufficient, unless the carpet should be a very thick 
one. Several mechanical contrivances have been used for 
either raising the door, or adding a part to spring close to 
the floor as the door shuts. The best method now in use, 
and the simplest, is the invention of the skew-butt hinge. 
The parts of this which bear on each other are made with 
a double bevel, so that, if more than half opened, the door 
falls against the wall by its own weight ; if less than half 
open, it closes itself. 

34. Various kinds of hinges are in use. Sometimes they 
are concealed, as in the kind of joints called rule joints ; 
others project, and are intended to let a door fold back over 
projecting mouldings, as in pulpit doors. When hinges 
project, tne weight of the door acts with an increased lever- 
age upon them, and they soon get out of order, unless they 
be strong and well fixed. 

The door of a room should be hung so that, in openins 
the door, the interior of the room cannot be seen through 
the joint This may be done by making the joint accord- 
ing to fis- 54. The bead should be continued round the 
door, and a common butt-hinge answers for it 

The proper bevel for the edge of a door or sash may be 



dicular to Ce, which gives the bevel required. In practice Jmnery 
the bevel is usually made less, leaving an open space in the v,— ^y-^ 
joint when the door is shut ; this is done on account o^ the 
interior angle of die rebate oflen being filled with paint 

Stairs. 

35. The construction of stairs is generally considered the Stairs, 
highest department of the art of joinery, therefore we treat 
of it under a distinct head. 

The principal object to be attended to in stairs is, that 
they afford a safe and easy communication between floors 
of different levels. The strength of a stair ought to be ap- 
parent as well as real, in order that those who ascend it 
may feel conscious of safety. In order to make the com- 
munication safe, it should be guarded by a railing of pro- 
per height and strength ; in order that it may be easy, the 
rise and width, or trwid, of the steps should be regular and 
justly proportioned to each other, with convenient landings ; 
there should be no winding steps, and the top of the nul 
should be of a convenient height for the hand. 

The first person that attempted to fix the relation be- proper 
tween the height and width of a step, upon corre<* princi- proportio- 
pies, was, we believe, Blondel, in his Caurs cTArchiieeiure. ^r suirs. 
His formula is applicable to very large buildings, but not 
to ordinary dwellings. Mr Ashpitel, who has investigated 
the subject at great length, gives the following rules for 
buildings of seven different classes : — 
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found by drawing a line from the centre of motion C (Rg, 
65) to e, the interior angle of the rebate s draw ed perpen- 



Tread breadth Rise height 
in inches. in inches. 

If 12 5i 

11* H 

11 6 

m ^ 
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Tresd breadth Rise helfht 
in inehes. in inehes. 
If 10 6* 

H 6f 

9 7 



*t 



$* 



These dimensions give angles of ascent varying fi:om 24" 
to 87*^. Of course the projection of the nosing is not 
rcfikoned 

36. The forms of staircases are various. In towns, where oifi^reat 
space cannot be allowed for convenient forms, they are kinds of 
oflen made triangular, circular, or elliptical, with winding stain, 
steps, or of a mixed form, with straight sides and drcular 

ends. In large mansions, and in other situations, where 
convenience and beauty are the chief objecte of attention, 
winding steps are never introduced when it is pos^ble to 
avoid them. Good stairs, therefore, require less geometri- 
cal skill than those of an inferior character. 

The best architectural effect is produced by rectangular 
staircases, with ornamented railing and newels. In Gothic 
structures scarcely any other kind can be adopted, with 
propriety, for a principal staircase. Modem architecture 
admits of greater latitude in this respect; the end of the 
staircase being sometimes circular, and the hand-rail con- 
tinued, beginning either from a scroll or a newel. 

37. When a rectangular stitircase has a continued rail, Kectsngo- 
it is necessary that it should be curved so as to change gra- iw 9^^' 
dually from a level to an ^^*"' 
inclined direction. This 
curvature is called the 
ramp of the rail. The 
plan of a staircase of this 
kind is represented by 
ABCD (fig. 56) ; and fig. 
58 shows a section of it, 
supposing it to be cut 
through at aby on the plan. 

The hand-rail is sup- riufifldtb<' 

posed to begin with a newel at the bottom, and the form ^ ^^^ 
of the cap of the newel ought to be determined, so that it ^^^ 
will mitre with the hand-rail. Let H (fig. 57) be the section 
of the h'jmd-rail, and ab the radius of the newel ; then the 
form of the cap may be traced at C by the methods we have 
already described. (Arts. 17, 18, and 19). 
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Jf>iaerj. The sActiom of hand-mils are of various sh&pes ; some of 
^ ^.,.— -•' the most common ones are too small; a faamj-rail should 
UeightfoT never be less than would require a square, of which the side 
rail, ftc is 24 inches, to circumscribe it. 

For the lerel landings of a staircase the height of the 
top of the hand-rail should 
never be more than about 
40inches, and in any part. 
of the inclined rail the 




above the 

width of the step should 

be 40 inches, less the rise 

of one step, when measur- 

ed in a vertical direction. 
To deacribe To describe the nunps, 
the nmju let rj (fig. S8) be a vertical line drawn through the 
of rmiU. middle of the width of the Btep ; set ru equal to rt, 

and draw ul at right angles 

with the back of the rail, 

cutting the horizontal line 

tt'ml. From the point t, 

as a centre, describe the 

curve of the r^l. When 

there is a contrary flexure, 

S3 in the case before us, 

the method of describing 

the lesser curve is the 

To d«Mrib« 38. The hand-nil of a 

> ipiral. Btair generally be^ns with 

a scroll, and the first step fi^.m. 

of the stair is generally finished with what is called a curtail 

or form, corresponding as much as possible to the scroll. 

There are a great variety of geometrical spirals, which 
are deacribed and investigated under their proper heads ; 
but as they all finish on a point, and as all architectural 
scroUs and volutes finish on a circle or eye, the usual mathe- 
matical scrolls are inapplicable. The earliest spiral adapted 
to architecture was that of De Lorme. Since that several 
systems have been invented, particularly that of Goldmann, 
but the best is clearly that aerived from the Ionic volute, 
and is drawn thus — 



(fig. 59) be the total height, and AC the intended height JmntTj. 

of the eye, and let the spiral be required to make two re- ^— ^,— ..' 

volutions. Divide BC inio four limes as many parts as 

there are revolutions required (4x2 = tf), because there are 

four quadrants in every revolution. Draw any line DE 

equal to the height of the spiral. Set down from D half 

the number of parts, and one other part (4 + 1 = 5), this Is 

the top of the eye. Set down half AC at O, and describe 

the eye ; then at O set up half a part to F, and make 

FG, FH-OF; then (fig. 60) draw OG. OH, GI, and 

(ronn O draw a line parallel to GH, and divide the same 

into as many parts as there are to be revolutions. Fig. 60 

is for one, fig. 61 for two revolutions. Divide the part 1 

at X, and proceed to draw the quarter circles, as in the 

diagram ; HD being the first opening of the compasses, 

HP the next, and H, G, I, K, L, M, ■ " - ■ ■■ 



id N being the 
AB (fig. 62) be theTodwertM 
tba •croll. 
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The height, eye, and number of revolutions of the im- 
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proved vpinl being given to describe the curv^ let AB 



centres. To describe the scroll li 
width across, usually 
about 10 or 12 inches; 
let EB be the intend- 
ed , diameter of the 
eye ; and let the scroll 
be required to make 
one revolution and a 
half, or six auadranU 
(these are shown at 
greater size by the side 
of fig. 63), then pro- 
ceed as last directed, -^~ 
and complete the scroll, also dot in the Imes of the noungs 
and risers. 

For the curtail step transfer the lines of nosings a, and The cortil 
the lines of the risers b, to another place, as fig. 63^ and set sMp. 
out the thickness of the 
veneer within the line 
of nosing, the part 
within this represents ^ 
the solid block of the 
curtail. The places 
of the balluBters are 
shown in fig. 62. 

It is obvious that 
in every geometrical 
staircase, the half of a 
cylinder placed up- 
right in the well-hole "!■*•■ 
would touch the wreathed string in all parts, another alittle 
less would touch all parts of the hand-rail. Let us suppose 

ACB (fig. 64), to be the plan of half a cylinder to set upright 

in the well-hole, and ^ 

let us suppose A'E 

to be the hei^t of 

the sarae. Divide 

the curved line ACB 

into any convenient 

numberof parts, and . 

set the same off by ' 

compasses on the 

Btraieht line firomC 

to A and C to B'. 

Or, in case ACB is 

a semicircle, divide 

the fine AB, draw 

the diameter CD, 

making aD equal to Fig^M. 

three-fourths of the radius, and draw DA, DB', and the 

rest of the lines through the points of division, as shown 

in the diagram. Then A'B' is the stretch out or length 

of the circumference ACB unrolled. But A'E is said to 




be the whole height. From E set down the respective 
heights of the win&ra, step b; step, a 



s shown. Now let (> 
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Jebnij. be the repreflenution ot the cylinder, with the di^rent 
'■^i^m * lines squarad up and across, these will give a representa- 
tion of the ciirve at which the winders muit ascend, and 
which, of course, must reguUte the hand-rail. The other 
faint lines show the edge of the covering, and is the same 
as finding a mould for a soffit. 

39. Let ua now turn to fig. 67. Tins represents the plan of 
a staircase, beginning with a 
scroll, and having steps wind- 
ing round the circular part oi 
die well-hole. 

In the first place, let the 
end of the steps be developed 
according to the method we 
have just given (fig. 65 shows 
this development). Now the 
hand-rail ought to fi>Uow the 
inclination of a line drawn t« 
touch the nosings of the steps, 



would be that out of whicji the rail could be cut widi the JofDcrr- 
least waste of material. ^-^^.^ 

Let it be required to find the moulds for the part oA of To find 
the rail (fig. 67), and to the fsee- 

avoid confusing the lines monld«, bj 

in our small figure, the ""^j' 

part ab has been drawn 
to a larger scale in fig. 69. 
The plain board men- 
Uonea above would touch 

the rail at the points v z 

marked C and B in the / 

plan ; draw the line CB, j f 

and draw a line parallel to 
CB, so as to touch the 
curve at the point £. 
Then E is the other point 
on the plan; and a, e, m-m. 

and &', are the heights of these points in the development 




(fig. 65). 

Erect perpendiculars to CB, from the points C, 
B (fig- 69), and set off Ca, on fig. 69, equal to ac (fig. 65) ; 
x?J 1 1. jj 1 m' 1 .. tv 'ri.. - ■ • 



except where there is an abrupt transition &om the rake of 
ibe winding to that of the odier steps ; at such places it 
must be curved, — the curve may be drawn by the help of 
intersecting lines, as in lig. 66, if the workman cannot trust 
to his eye. 
'**'*'^ The part which is shaded in fig. 65 represents the hand- 
dKDlar ' "'^ *"'' *"''* ^'^ ^^ ^^P* when spread out, and the hand- 
part, rail is only drawn close to the steps for convenience, as it 
would require too much space to raise it to its proper posi- 
The fkll- tion. This development of the rail is called the &lling- 
kog monld. mould. We will now refer 
to fig. 66, and will suppose 
the inner semicircle of A C B 
to be the plan of the well- 
hole; eA, aB, the iridth of 
the rail, then the outer 
shaded part ACB will be 
the plan of the rail on the 
level; ADEB is the cylin- 
der referred to before — ; 
AD£ being the angle at 
which the stiurs ascend. 
Now we have shown before 
(Conic Sections) that the 
oblique section of a circular 
cylinder is an ellipse, if the m-a. 
cylinder be circular the lines may then be finmd by a 
trammel. Be it of what section it may the delineation of a 
cylinder cut at any anele ADE may be found by dividing 
it into equal parts, and setting up the ordinates ol, A2, Sec, 
atouMf* as shown. This, delineation la a ^^n on fAeDUwue, or the 
bce-mould of the rail, to be cut " on the plumb. 

The wood used for hand-ruls being of an expensive kind, 
it becomes of some importance to consider how the plank 
may be Cut so as to require the least quantity of material 
for the curved part of U)e rail. Now, if we were to sup' 
pose the rail executed, and a plain board laid upon the 
upper side of it, the board would touch the rail at three 
pomts; and a plank laid in the same position as the board 



Ee equal to dt, and B&' equal iofb'. Through the points 
C ana E, draw the dotted line CA ; through ae draw a line 
to meet CE in h ; and through the points a'b\ draw a line 
to meet CB in g ; then join hff, and make Ci perpendicular 
to^. 

Now, i£ Cd be equal to Co, and perpendicular to Ci ; 
and di be joined, it will be the angle which the plank makes 
with the horizontal plane, or plan, llierefbrc, draw FD 
parallel to Ci, and find the section by the process before 
described. This section is the same thing as would be ob- 
tained by prelecting vertical lines from each point in the 
hand-rail against the surface of a board, laid to touch it in 
three points. The inexperienced workman will be much 
assisted in applying the moulds if he acquires a clear notion 
of the position when executed. 

To find the thickness of the plank, take the height to To find ito 
the under side of the rail cr in Uie development (fig. 65), tt^iGkn™ li 
and set it off from *, in the line Ci, to r, in fig. 69 ; from *** P'""' 
the point r draw a line parallel to di, and the distance be- 
tween those parallel lines will be the thickness of the plank. 

The mould (fig. 69), which U traced from the plan, is To apply 
called the/ow-mouW. It is appUed to the upper surface *• """''^ 
of the plauK, which being marked, a bevel should be set to 
the angle idC, and this bevel being applied to the edge 
wiU give the points to which the mould must be placed to 
mark out the under side. It b then to be sawn out, and 
wrought true to the mould. In applying the bevel, care 
should be taken to let its stock be [urallel to the Une di, if 
the plank should not be sufficiently wide for di to be its arris. 
In the method fig. 68, ADE, on the rise of the stair, is tlie 
bevel. 

After the rail is truly wrought to the face-mould, the 
falling-mould (fig.65), being applied to ita convex ude, will 
g^ve the edge of the upper surface, and the surface itself 
will be formed by squaring firom the convex side, holding 
the stock of the square always so that it would be vertical 
if the rul were in its proper situation. The lower sur&ce 
is to be parallel to the upper one. 

The sudden change of the width of the ends of the steps 
causes the soffit line to have a broken or irregtdar appear- 
ance ; to avoid it, the steps are made to b^n to wind Ixfore 
the curved part begins. Different methods of pr(^>ortion- 
ing the ends of the steps are given by Nicholson, Roubo, 
Rondelet, and KraflL We cannot in this pUce enter into 
a detul o( these methods, nor can we give the varied 

r«ms of cutting the redl in the spring and in the plumb, 
ut which so much has been written, but fitr the reader's 
information a list of the principal writers on staircases is 
sutgnned ^— 
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culardirce- 



Corrlog In 

lion of cb( 

width. 



Pnos, ta faiB Britlih Carpmlir, <to^ 1T3S ; Luglay, Bmldtr^ 
/ CempUtt ^iriKoM. 8to, 1738; Frsillr, (Jh^ du Pitrru tt du 
BeU, 4to, 1739 ; Roabo, L'Art dt Mmvintr, folio, 1771 ; Skalfs, 
Sty to Civil Artkittctun, 8vo, 177i; Nicholwn, Oarjunttrt' Sew 
Oaidt, 4to, 17S!; CarpeiUen' dud Jointn' Auitant, 4to, 1792; 
Anh^etural lActionary, i^; JVanweiJaw SomB^ of Aru, Ik^ tor 
1814; IWotiM on |A« Conitnie^ibn o/ 5taircaMI ond ffand-rotii, 4to, 
18S0; Rondelet, JVaiU da J'^ln d< Sd^, tome iv. 4to, 1B14; 
Krafft, Traili ittr I'Ari di la CAarpfliMr. part li., folio, 1820; 
Jemkai.OrtluigtmalSyittmofBandrailing, 1849 ; Atbpltsl on J!/an<I- 
rtUU and Stainaui, 4to, 1891 ; uid Uidddl, Handrailing SimpUJUd, 
folio, PhlUdelpbU, 1806. 



SECT. lit. — ON KATERIALS. 

40. There is no art in which it is required that the 
structure and properties of wood iliould be bo thoroughly 
understood as in joinery. The practical joiner, who has 
made the nature of timber his study, has always a most 
decided advantage over those who have neglected this 
most important part of the art. 

In the article Anatout, Vegetable (vol. iii., pp. 61 and 
82), the structure of wood i» described ; in this place, there- 
fore, we shall only show how the joiner may, in a great 
measure, avoid the warping caused by its irregular texture. 

41. It is well known that wood contracts less in propor- 
tion, in diameter, than it does in circumference ; hence a 
whole tree always splits in drying. Mr Knight has shown 
that, in consequence of this irregular contraction, a board 
may be cut from a tree that can scarcely be made by any 
means to retain the same form and position when subjected 
to various degrees of heat and moisture. From the ash 
wid the beech he cut some thin boards, in different direc- 
tions relatively to their transverse septa, so that the septa 
crtMsed the middle of some of the boards at right angles, 
and lay nearly parallel with the surfaces of others. Both 
lands were placed in a warm room, under perfectly similar 
circumstances. Those which had been formed by cutting 
across the transverse septa, as at A in fig. 70, soon changed 
their form very considerably, the one side becoming hollow, 
and the other round ; and in drying, they contracled nearly 
14 per cent, in width. 

The other kind, in which the septa were nearly parallel 
to the surfaces of the boards, as at B in fig. 70, retained, 
with very little variation, their primary 
form, and did not contract in drying 
more than three and a half per cent, in 
width.' 

As Mr Knight had not tried resinous 
woods, two specimens were cut from a 
piece of Memel timber i and to render 
the result of our observation more clear, 
conceive fig. 70 to represent the section ^^ to. 

of a tree, the annual rings being shown by circles. BD 
represents the nuuiner in which one of our pieces was cut, 
and AC tlie other. The board AC contracted 3*75 per 
ceaL in width, and became hollow on the side markea b. 
The board BD retained its original strughtaess, and con- 
tracted only 0*7 per cent. The difference in the quantity 
of contraction is still greater tlian in hard woods. 

From these experiments, the advantages to be obtained 
merely by a proper attention in cutting out boards for pan- 
nds, &c., will be obvious { and it will also be found that 
pannels cut so that the septa are nearly parallel to their 
nces, will appear of a finer and more even grun, and re- 
quire less labour to make their surfaces even and smooth. 

" this system would necessitate the rejection of all 
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but the heart of the tree for superior work, a method has Joinny. 
lately been pursued which it is said was first used by the ^ m ^-m' 
billiard -table makers. Let ^ 

the same letters. It will be- fi^ 71. 

come hollow on the side tnarked 6, no doubt because the 
rings of the wood when cut across are relieved from ten- 
sion, and endeavour to expand themselves. To counter- 
act this it is customary, in all good work, to rip the plank 
down the centre, and then to " turn the stuff inside out" 
as it is popularly called. This is done by reversing the 
wood end for end, so as to bring the heart against heart, 
and the outside against outside (without wWch the -'-- 
joints are sometimes liable to 
fiy) ; and also so as to reverse 
the <nrcular parts of the grain, 
as is shown in fig. 72. Fif. ti. 

In wood that has the larger transverse septa, as the oak, 
for example, boards cut as BD will be figured, while those 
cut as AC will be plain. 

42. There is another kind of contraction in wood whilst Ciiiin of 
drying, which causes it to become curved in the direction P'"*« 

of ite length. In the long styles of framing we have often J?^?* '" 
observed it; indeed, on fliis account, it is difficult to pre- ^^^f"^,, 
vent the style of a door, hung with centres, fiwm curving, lengtb. 
BO as to rub against the jamb. A very satis&ctory reason 
for this kind of curving has been given by Mr Knight,' 
which also points out the manner of cutting out wood, so 
as to be less subject to this defect, which it is most desir- 
able to avoid. The interior layers of wood, being older, 
are more compact and solid than the exterior layers of the 
same tree; consequently, in drying, the latter contract 
more in length than the former. This irregularity of (»n- 
traction causes the wood to curve in the direction of its 
length, and it may be avoided by cutting the wood so that 
the parts of each piece shall be as nearly of the same age 
(u posuble. But as this would also necessitate the rejec- 
tion of a great deal of stufi*, a wmpler method is found) 
which is always to turn the heart trf the wood outwards. 
Thug, in framing a door, the heart should always go against 
the jambs, and the aap side to the pannels. 

43. Besides the contraction which takes place in drying, Obangai 
wood undergoes a considerable change in bulk with the va- produced 
nations of the atmosphere. In straight-grained woods the '"' *^* 
change in length is nearly insensible ; hence they are "' 
sometimes employed for pendulum rods ; but the lateral 
dimensions vary so much, that a wide piece of wood will 

serve as a rude hygrometer.* The extent of variation de- 
creases in a few seasons, but it is of some importance to 
the joiner to be aware, that even in very old wood, when 
the surface is removed, the extent of variation is nearly the 
same as in new wood. 

It appears, from Rondelet's experiments,* that in wood 
of a mean degree of dryness, the extent of contraction and 
expansion, produced by the usual changes in the state of 
the atmosphere, was — 



In fir wood, from ^^ to s, part of its width 1 
And, in oak, from jr^ to ^ port of its width. 
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Consequently, the mean extent of variation in fir is r^, 
and in oak, ^^ - and, at this mean rate, in a fir board 
about 12}- inches wide, the difference in width would be 

> miotopUtal Tratutetiaiu, pftrt 11. Ibr 1817 ; or mioiBpUeal Uateuim, vol. 1., p. 437. 

■ Hr RkDiidsnuidQanimlHajmadaHnnaupaTlmBDtson thtaipui^oiiliilaiigai. 8m jtecoiMt o/lA« IV^. &in«|r, vol. l.,pp. 46ind 40. 

* Bm PUloKpUtal n-oiwaclfoiu, Lowthorpc'i Abrlds., vol. It., p. ST. 

• Vrabt TUortl^ti PraHqM d< PAri d* Bitir, arUde Hanvinxta, tons iv„ p. 420, 1814. 
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JOINERY. 



Rinds of 
wood. 

Oak« 



U 



Joinery, ^th of an inch. ThiB will show the inportanoe of attend- 
ing to the maxims of constructian we have already laid be- 
fi>re the reader; for, if a board of that width should be 
fixed at both edges, it must unavoidably split from one 
end to the other. 

44. The kinds of wood commonly employed in joinery 
are, — ^the oak, the different species of pine, mahogany, and 
sometimes lime-tree and poplar. 

Of the oak, there are two species common in this island ; 
that which Linnaeus has named Querau robur is the most 
valuable for joiners' work ; it is of a finer grain, less touffh, 
and not so subject to twist as the other kind. Oak is luso 
imported from the Baltic ports, fix>m Germany, and from 
America. These foreign idnds being free from knots, of 
a straighter grain, and less difficult to work, they are used 
in prererence to our home species. Foreign oak is also 
much used for cabinet-work ; and lately, the fine curled 
oak that is got from excrescences produced by pollard, 
and other old trees, has been used with success in furni- 
ture. When well managed, it is very beautiful, and makes 
a pleasing variety. It is relieved by inlaid borders of black 
or white wood, but these should be sparingly used. Bor- 
ders of inlaid brass, with small black lines, give a rich effect 
to the darker coloured kinds. 

The greater part of joiners' work is executed in fir, im- 
ported from the north of Europe. Yellow fir is used for 
outside work, as doors, sashes, and for floors where there 
is likely to be much wear. Some very good red pine deals 
have been imported from Canada. Inside work is almost 
always firamea of white fir. Some very good pannels when 



Fir. 



not too wide, and excellent mouldines, are made of Ame- Joiner} . 
rican pine. White fir is often used for internal work, and ^^m^^^^^z 
yellow pine is much used for mouldings. 

The forest of Braemar, in Aberdeenshire, furnishes yel- 
low fir of an excellent quality, little inferior to the best 
foreign kinds. 

For the general purpose of joinery, the wood of the larch Larcb. 
tree seems to be the best ; this usefbl tree thrives well on 
our native hills. We have seen some fine specimens of 
this wood firom Blair- Athol. It makes excellent steps for 
stairs, floors, framing, and most other artides. 

Mahogany, in joinery, is only used where painted workjiahogan^ 
is improper, as for the hand-raUs of st«rs, or for the doors 
and windows €i£ principal rooms. For doors it is not now 
so often used as it was formerly ; its colour is found to be 
too gloomy to be employed in large masses. In cabinet- 
work it is almost the only kind used for ornamental work. 

Lime-tree, and the different species of poplar, make very Lime-tree 
good floors for inferior rooms, and may often be used for 
other purposes, in places where the carriage of fiireign tim- 
ber would render it more expensive. Lime-tree is valu- 
able for carved work, and does not worm-eat ; but carving 
is at present seldom used in joinery. 

For farther information on wood, in addition to the works 
referred to, the reader may consult Evelyn's Siipa^ Dr 
Hunter's edition ; Duhamel, Du Transporij de la Gmser- 
ffationj et de la Farce des BoiSf Paris, 1767; Barlow's 
Essay on the Strength and Stress (/ Timber, 1817 ; Tred- 
gold's Elementary Princ^^les <f Carpentry , sect x^ 18^ ; 
and the article Dby-Rot. (t. t— d.) (a. kS) 
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Importance Ik MeehameSf is a subject of so much importance, that in 
of the eub- a nation so eminent as this for invention and ingenuity in 
3 ect. every species of manufacture, and in particular so distinguish- 

ed for Its improvements in machinery of every kind, it is 
somewhat singular that no writer has treated it in the de- 
tail which its importance and difficulty demand. The man 
of science who visits our great manufiictories is delighted 
with the ingenuity which he observes in every part, the 
innumerable inventions which come even from individual 
artisans, and the determined purpose of improvement and 
refinement which he sees in every workshop. Every cot- 
ton-mill impears an academy of mechanical science ; and 
mechanical invention is roreading from these fountains 
over the whole kingdom. But the philosopher is mortified 
to see this ardent spirit cramped by ignorance of prin- 
dple, and many of those original and brilliant thoughts ob- 
scured and clogged with needless and even hurt& addi- 
tions, and a complication of machinery which checks im- 
provement even by its appearance of ingenuity. There is 
nothing in which iJiis want of scientific education, this igno- 
rance of prindple, b so frequently observed, as in the in- 
judicious proportion of the parts of madiines and other me- 
chanical structures ; proportions and forms of parts in which 
the strength and position are nowise regulated by Uie strains 
to which they are exposed, and where repeated failures have 
been the only lessons. 
Strong of The strength of materials arises immediately or ultimate- 
materials 1y firom the cohesion of the parts of bodies. Our examina- 
aruet frooi tion of this property of tangible matter has as yet been very 
oobeuon. partial and imperfect, and by no means enables us to ap- 
ply mathematical calculations with precision and success. 
The various modifications of cohesion, in its different ap- 
pearances of perfect sofUiCSSy plasticity, ductility, elasticity, 



hardness, have a mighty influence on the strength of bodies, 
but are hardly susceptible of measurement. Their tex- 
ture, whether uniform like glass and ductile metals, crys- 
tallized or granulated like other metals and freestone, or 
fibrous like timber, is a circumstance no less important ; 
yet even here, although we derive some advantage from 
remarking to which m these forms of aggregation a sub- 
stance belongs, the aid b but small. All we can do in thisExperi- 
want of general principles is, to make experiments on every menti to 
class of bodies. Accordingly philosophers have endeavour- ^Kertaiii it 
ed to instruct the public in this particular. The Royal 
Society of Liondon, at its very first institution, made many 
experiments at their meetings, as may be seen in the first 
registers of the society ; and since wen a vast multitude 
of experiments have been made by public bodies and pri- 
vate mdividuols. The best of these, perhaps, up to the 
date of the present edition, are those of Mr Barlow. 

But to make use of any experiments, there must be em- Rendered 
ployed some general principle by which we can generalize asefal by 
their results. They will otherwise be only narrations of&^^^^^^^ 
detached facts. We must have some notion of that inter- ^^^ 
medium, by the intervention of which an external force ap- 
plied to one part of a lever, joist, or pillar, occasions a strain 
on a distant part. This can be nothing but the cohesion 
between the parts. It is this connectins force which is 
brought into action, or, as we more shortly express it, ex- 
cited. This action is modified in every part by the laws 
of mechanics. It is this action which we call the ^Irrn^M Strength 
of that part, and its efiect is the strain on the adjoining <lefincd. 
parts ; and thus it is the same force, differently viewed, 
that constitutes both the strain and the strength. When 
we consider it in the light of a resistance to fracture, we call 
it strength. 
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strength of We call every thing 2, force whirii we observe ever to be each time» till at last it settles precisely in its original po-Stren|ctliof 
Materials, accompanied by a change of motion ; or, more strictly speak- sition. This may be repeated for ever. Now, in this mo- M*terial». 
^r"^^"*"*' ing, we infer the presence and agency of a force wherever tion, every part of the wire partakes equally of the twist, ^"•"v*"*^ 
known ^^ observe the state of things in respect of motion different The particles are stretched, require force to keep them in 
only from irom what we know to be the result of the action of all the their state of extension, and recover completely their re- 
their ef- forces which we know to act on the body. Thus when we lative positions. These are all the characters of what the 
fecti. observe a rope prevent a body from falling, we infer a mov- mechanician calls petfed elasticity. This is a quality quite 
ing force inherent in the rope, with as much confidence as fkmiltar in many cases, as in glass, tempered steel, &Cn 
when we ol>serve it drag the body along the grotmd. The but was thought incompetent to lead, whidi is generally 
immediate action of this force is undoubtedly exerted be- considered as having little or no elasticity. But we make 
fween the immediately adjoining parts of the rope. The im- the assertion in the most general terms, with the limitation 
mediate effect is the keeping the particles of the rope to- to moderate derangement of form. We have made the 
gether. They ought to separate by any external force same experiment on a thread of pipe-clay, made by forcing 
drawing the ends of the rope contrariwise ; and we ascribe soft clay through the small hole of^a syringe by means of a 
their not doing so to a mechanical force really opposing screw, and we found it more elastic than £e lead wire ; for 
this external force. When desired to give it a name, we a thread of one twentieth of an inch diameter and seven 
name it from what we conceive to be its effect, and there- feet long allowed the index to make two turns, and yet 
fore its characteristic, and we call it eohedon. This is completdy recovered its first position, 
merely a name for the fact ; but it is the same thing in all 2. But if we turn the index of the lead wire four times 
our denominations. We Imow nothing of the causes but round, and let it go again, it untwists again in the same 
in the effects ; and our name for the cause is in fact the manner, but it makes little more than fotv turns back again ; 
name of the effect, which is ct^Mion. We mean nothing and afler many oscUlations it finally stops in a position 
else by gravitation or magnetism. What do we mean when almost two revolutions removed from its original position, 
we say uiat Newton understood thoroughly the nature of It has now acquired a new arrangement of parts, and this 
gravitation, of the force of gravitation ; or that Franklin new arrangement is permanent like the former ; and, what 
understood the nature of the electric force ? Nothing but is of particular moment, it is perfectiy elastic. This <^umge What !■ 
this: Newton considered with patient sagacity the genera] is familiarly known by the denomination of a jst The™®*»t^7 
facts of gravitation, and has described and classed them wire is said to have taken a $eL When we attend mi-"^ 
with the utmost precision. In like manner, we shall un- nutely to the procedure of nature in this phenomenon, we 
derstand the nature of cohesion when we have discovered find that the particles have, as it were, slid on each other, 
with equal generality the laws of cohesion, or ffeneral facts still cohering, and have taken a new position, in which their 
which are observed in the appearances, and when we have connecting forces are in equilibrio ; and in this change oi 
described and classed them with equal accuracy. relative situation, it appears that the connecting forces 
Let us therefore attend to the more simple and obvious which maintained tiie fMiticles in their first situation were 
phenomena of cohesion, and mark with care every circum- not in equilibrio in some position intermediate between that 
stance of resemblance by which they may be daased. Let of the first and that of the last form. The force required 
us receive these as the laws of cohesion, characteristic of for changing this first form augmented with the change, 
its supposed cause, the force of cohesion. We cannot pre- but only to a certain degree ; and during this process Uie 
tend to enter on this vast research. The modifications are connecting forces always tended to the recovery of this first 
innumerable ; and it would require the penetration of more form. But after the change of mutual position has passed 
than Newton to detect the circumstance of similarity amidst a certain magnitude^ the union has been partiy destroyed, 
millions of discriminating circumstances. Yet this is the and the particles have been brought into new situations ; 
only way of discovering which are tiie primary facts cha- such, that the forces which now connect each with its neigh- 
racteristic of the force, and which are the modifications, hour tend, not to the recovery of tiie first arrangement, but 
The study is immense, but it is by no means desperate ; to push them forther from it, into a new situation, to which 
and we entertain great hopes that it will ere long be sue- they now verge, and require force to prevent them from ac- 
cessfully prosecuted ; but, in our particular predicament, quiring. The wire is now in fiust again perfectiy elastic ; 
we must content ourselves with selecting such general laws tnat is, the forces which now connect the particles with 
as seem to give us the most immediate information of the their neighbours, augment to a certain degree as the de- 
circumstances that must be attended to by the mecha- rangement from this new position augments. This is not 
nician in his constructions, that he may unite strength with reasoning firom any theory. It b narrating fiicts, on which 
simplicity, economy, and energy. a theory is to be founded. What we have been just now 
All bodies 1. Then, it is a matter of fact that all bodies are in a saying, is evidentiy a description of that sensible form of 
elastic. certain degree perfectly elastic ; that is, when their form tangible matter which we call duaUiiy. It has every gra- Dactllity. 
or bulk is changed by certain moderate compressions or dation of variety, from the soflnessof butter to the firmness 
distractions, it requires the continuance of the changing of gold* All these bodies have some elasticity ; but we say 
force to continue the body in this new state; and when the they are not perfectiy elastic, because they do not oom- 
force is removed, the body recovers its original form. We pletely recover their original form when it has been greatiy 
limit the assertion to certain moderate changes. For in- damaffed. The whole gradation may be most distinc^yob- 
stance, take a lead wire of one fifteenth of an inch in dia^ served in apiece of glass or hard sealing-wax. In theordi- 
meter and ten feet long ; fix one end firmly to the ceiling, nary form glass is perhaps the most completely elastic body 
and let the wire hang perpendicular ; affix to the lower end that we know, ana may be bent till just ready to snap^ and 
an index like the hana or a watch ; on some stand imme- yet completely recovers its first form, and takes no set what- 
diately below let there be a circle divided into degrees, ever ; but when heated to such a degree as just to be vbt- 
with its centre corresponding to the lower point of the ble in the dark, it loses its brittieness, and becomes so tough 
wire ; now turn this index twice round, and thus twist the that it cannot be broken by any blow ; but it is no longer 
wire. When the index is let go, it will turn backwards elastic, it takes any set, and keeps it When more heated, 
ag«n, by the wire untwisting itself, and make almost four it becomes as plastic as clay ; but in this state is remarkably 
revolutions before it stops ; after which it twists and un- distinguished firom day by a quality whioh we may call 
twists many times^ tiie index going backwards and forwards vieddUy^ which is somethinff like elasticity, of which clay VisddHy. 
round the circle, ctiminishing, however, its arch of twist and other bodies purely plastic exhibit no appearance. This 
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Streo^of it the joint operation of strong adhesion and softness. When law of gravitation, the sunpleb^ eombinations will make the St^nytb cf 
Materirii.^ a rod rf perfectiy soft glass is suddenly stretched a little, it joint action of several particles an almost impenetrable mys- MateiuU. 
'^■**''^'^**^ does not at once take the shape which it acquires after some rery. We must therefore content ourselves, for a long time ^'^'^^ 
littie time. It is owine to tnis that, in taking the imprcs- to come, with a careful observation of the simplest cases 
sion of a seal, if we take off the sed while the wax is yet that we can propose, and with the discovery of secondary 
very hot, the sharpness of the impression is immediately laws of action, in which many particles combine their influ- 
destroyed. Each part drawing its neighbour, and each part ence. In pursuance of this plan, we observe, 
yielding, the prominent parts are pulled down and blunted, 8. That whatever is the situation of the particles of a pmrtides 
and the sharp hollows are pulled upwards and also blunted, body with respect to each other, when in a quiescent state, kept in 
The seal must be keot on till tiie wax has become not only they are kept in these situations by the balance of opposite 5^^f^^ 
stiC but hard. forces. This cannot be refused* nor can we form to our« ^^^ 
Observed This viscidity is to be observed in all plastic bodies which selves any other notion of the state of the particles of afo^,,^ 
in all ho- are homogeneous. It is not observed in clay, because day body. Whether we suppose the ultimate particles to be of 
"i^^lf^ is not homogeneous, but consists of hard particles of argil- certain magnitudes and shapes, touching each other in sin-* 
dies. ^ laoeous earth sticking together by their attraction for water, gle points of cohesion ; or whether, with Bosoovich, we con- 
Something like it might be made of finely powdered glass sider them as at a distance from each other, and acting on 
and a clammy fluid such as turpentine. Viscidity has all de« each other by attractions and repulsions, we must acknow* 
grees of softness, till it degenerates to ropy fluidity like that ledge, in the first place, that the centres of the particles 
of olive oil. Perhaps something of it may be found even in (by whose mutual distances we must estimate the distance 
the most perfect fluid with which we are acquainted, as we of the particles) may and do vary their distances firom each 
observed in the experiments for ascertaining specific gravity, other. What else can we say when we observe a body in- 
When ductility and elasticity are combined in different crease in length, in breadth, and thickness, by heating it, 
proportions, an immense variety of sensible modes of aggre- or when we see it diminish in all these dimensions by an 
ffation may be produced. Some degree of both are proba- externa] iX)mpre8sion ? A particle, therefore, utuated in 
bly to be observed in all bodies of complex constitution ; the midst of many others, and remaining in that situation, 
that is, which consist of particles made up of many differ- must be conceived as maintained in it by the mutual ba- 
ent kinds of atoms. Such a constitution of a body must lancing of all the forces which connect it with its neigli- 
afford many situations permanent, but easily deranged. hours. It is like a ball kept in its place by the opposite niustra- 
Partides In all these changes of disposition which take place action of two springs. This illustration merits a more par- tion of tbk 
acted on by among the particles ot a ductile body, the particles are at ticular application. Suppose a number of balls ranged onproposi- 
attoicttons g^^ij distance that they still cohere. The body may be the table in the angles of equilateral triangles, and that each ^^"' 
sionsT'^" ' stretched a litde ; and on removing the extending force, ball is connected with the six which lie around it by means 
the body shrinks into its first form. > It also resists mode- of an elastic wire curled like a cork-screw \ suppose sudi 
rate compressions $ and when tiie compressing force is re- another stratum of balls above this, and paJ^lel to it, and 
moved, tne body again swells out. Now the corpuscular so placed that each ball of the upper stratum is pcrpendi- 
fadt here is, that the particles are acted on by attractions cularly over the centre of the equilateral triangle below, 
and repulsions, which balance each other when no external and let these be connected with the balls of the under 
force is actins on the body, and which augment as the par- stratum by similar spiral wires. Let there be a third and 
tides are made, by any external cause, to recede from this a fourth, and any number of such strata, all connected in 
situation of mutual inactivity; for since force is requisite to the same manner. It is plain that this may extend to any 
produce either tiie dilatation or the compression, and to size, and fill any space. Now let this assemblage of balls 
maintain it, we are obliged, bv the constitution of our be firmly contemplated by the imagination, and be sup- 
minds, to infer that it is opposed by a force accompanying posed to shrink continually in all its dimensions, till the 
or inherent in every particle of dilatable or compre^ible balls, and their distances from each other, and the con- 
matter ; and as this necessity of employing force to produce necting wires, all vanish from the sight as discrete indivt- 
a change indicates the agency of these corpuscular forces,, dual objects. All this is very conceivable. It will now ap* 
and marks their kind, according as the tendencies of the pear like a solid body, having length, breadth, and thick- 
partides appear to be toward each other in dilatation, or ness ; it may be compressed, and will again resume its di- 
fromeach other in compression ; so it also measures the de- mensions; it may be stretched, and will again shrink ; it 
srees of their intensity. Should it require three times the will move away when struck ; in short, it will not differ 
force to produce a. double compression, we must reckon the in its sensible appearance from a solid elastic body. Now 
mutual repulsions triple when the compression is doubled ; when this body is in a state of compression, for instance^ it 
The great and so in other instances. We see from all this that the is evident that any one of the balls is at rest, in consequence 
problem in phenomena of cohesion indicate some relation between the of the mutual balancing of the actions of all the spiral wires 
bTmeclui- ^^^^^^^ ^^ ^^ particles. To discover this relation is the which connect it with Uiose around it. It will greatiy con- 
nism. great problem in corpuscular mechanism, as it was in the duce to the full understanding of all that follows to recur 
Newtonian investigation of the foroe of gravitation. Could to this illustration. The analogy or resemblance between 
we discover this law of action between Uie corpusdes with the effects of this constitution of things and the effects of 
the same certainty and distinctness, we might with equal the corpuscular forces is very great ; and wherever it ob- 
oonfidence say what will be the result of any position which tains, we may safely draw conclusions firom what we know 
we give to the particles of bodies ; but this is beyond our would be the condition of a body of common tangible mat- 
hopes. The law of gravitation is so simple, that the dis- ter. We shall just give one instructive example, and then By exam- 
covery or detection of it amid the variety of celestial phc- have done with this hypothetical body. We can suppose it pie. 
nomena required but one step ; and in its own nature its of a long shape, resting on one point ; we can suppose two 
possible combinations still do not greatiy exceed the pow- weights A, B, suspended at the extremities, and the whole in 
ers of human research. One is almost disposed to say that equilibrio. We commonly express this state of things by 
the Supreme Being has exhibited it to our reasoning now- saying that A and B are in equilibrio. This is very inaccu- 
ers as sufficient to employ with success our utmost em>rt8, rate. A is in fact in equilibrio with the united action of 
but not so abstruse as to discourage us from the noble at- all the springs which connect the ball to which it is appli- 
\ tempt It seems to be otherwise witii respect to cohesion, ed with the adjoining balls. These springs aro brought in- 
Matiiematics informs us, that if it deviates sensibly from the to action, and each is in equilibrio with the joint action of 
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Strength of all the rest. Thus through the whole extent of the hypo- 
Materials, ihotical body the tprings are brought into action in a way 
anil in a degree which mathematics can easily investigate. 
We need not do this : it is enough for our purpose that our 
unagination readily discovers that some springs are stretch- 
ed, others are compressed, and that a pressure^ is excited 
on the middle point of support, and the support exerts a re- 
action which precisely baumces it ; and the other weight 
is, in like manner, in immediate equilibrio with the equi- 
valent of the actions of all the springs which connect the 
last ball with its neighbours. Now take the analogical or 
resembling case, an oblong piece of solid matter, resting 
on a fulcrum, and loaded wiih two weights in equilibrio ; 
for the actions of the connecting springs substitute the 
corpuscular forces ; and the result will resemble that of the 
hypothesis. 

Now, as there is something that is at least analogous to 
a change of distance of the particles, and a concomitant 
change of the intensity of the connecting forces, we may 
express this in the same way that we are accustomed to do 
in similar cases. Let A and B (fig. 1) represent the cen- 



Fig. 1, 
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tres of two parti- 
cles of a coherent 
elastic body in 
their quiescent 
inactive state, 
and let us consi- L y >p 
der only the me- 
chanical condi- 
tion of B. The 
body may be 
stretched. In this case the distance AB of the particles may 
become AC. In this state there b something wnich makes it 
necessary to employ a force to keep the particles at this dis- 
tance. C has a tendency towards A, or we may say that A 
attracts C. We may represent the magnitude of Uiis tendency 
of C towards A, or this attraction of A, by a line Cc perpen- 
dicular to AC. Again, the body may be compressed, and 
the distance AB may become AD. Something obliges us 
to employ force to continue this compression, and D tends 
frtm A, or A appears to repd D. The intensity of this 
tendency or repuuion may be represented by another per- 
pendicular Dd; and, to represent the different directions 
of these tendencies, or the different nature of diese ac- 
How Bos- tions, we may set Dd on the opposite side of AB. It is 
covich re- in this manner that Boscovich has represented the ac- 
present* tions of corpuscular forces in his celebrated Theory of 
of c^w- Natural Philosophy. Newton had said, that as the great 
cular movements of Uie solar system were regulated by forces 
forces. operating at a distance, and varying with the distance, so 
he strongly suspected {vaide suspicor) that all the pheno- 
mena of cohesion, with all its modifications in the different 
sensible forms of aggregation, and in the phenomena of 
chenustry and physiology, resulted from the similar agency 
of forces varying with the distance of the particles. The 
learned Jesuit pursued this thought ; and has shown, that 
if we suppose an ultimate atom of matter endowed with 
powers of attraction and repulsion, varying, both in kind 
iTnd degree, with the ctistance, and if this force be the same 
in every atom, it may be regulated by such a relation to the 
dbtance firpm the neighbouring atom, that a collection of 
such may have all the sensible appearance of bodies in tlieir 
different forma of solids, liquids, and vapours, elastic or un- 
elastic^ and endowed with all the properties which we per- 
ceive, by whose immediate operation the phenomena of mo- 
tion by impulse, and all the phenomena of chemistry, and 
of animal and vegetable economy, may be produced. He 
shows, that notwithstanding a perfect sameness, and even 
A great simplicity, in this atomical constitution, there will 
result from this union all that unspeakable variety of form 
and property which diversifies and embellishes the &ce of 



nature. We shall take another opportunity of giving such Strength of 
an account of this celebrated work as it deserves. We Mste ri^^ 
mention it only by the by, as far as a general notion of it ^ ^ ^ 
will be of some service on the present occasion. For this 
purpose, we just observe that Boscovich conceives a par* 
tide of any individual species of matter to consist of an un- 
known number of particles of simpler constitution ; each ot 
which particles, in their turn, is compounded o£ particles 
still more simply constituted, and so on through an unknown 
number of orders, till we arrive at the simplest possible con- 
stitution of a particle of tangible matter, susceptible of 
length, breadth, and thickness, and necessarily consisting 
of four atoms of matter. And he shows that the more com- 
plex we suppose the constitution of a particle, the more 
must the sensible qualities of the aggregate resemble the 
observed qualities of tangible bodies. In particular, he 
shows how a particle may be so constituted, that although 
it act on one other particle of the same kind through a con- 
siderable interval, the interposition of a third particle of 
the same kind may render it totally, or almost totally, in- 
active ; and therefore an assemblage of such partides wodd 
form such a fluid as air. All these curious inferences are 
made with uncontrovertible evidence ; and the greatest en- 
couragement is thus given to the mathematical philosopher 
to hope, that by cautious and patient proceeding in this 
way, we may gradually approach to a knowledge cf the 
laws of cohesion, that vnll not shun a comparison even with 
the Prindpia of Newton. No step can be made in this 
investigation, but by observing with care, and generalizing 
with judgment, the phenomena, which are abundantly nu- 
merous, and much more at our command than those of Uie 
great and sensible motions of bodies. Followmg this pUn, 
we observe, 

4. It is a matter of fact, that every body has some degree Everybody 
of compressibility and dilatability ; and when the changes compretsi. 
of dimension are so moderate that the body completely re-h^ {|"^ ^' 
covers its original dimensions on the cessation of the chang*^ ^^ ^' 
ing force, the extensions or compressions are sensibly pro- 
Dortional to the extending of compressing forces ; and there- 
fore the connecting farces are proportional to the distances cf 
the particles from their quiescent^ neutral^ or inactive posi" 
tions. This seems to have been first viewed as a law ofLawof na. 
nature by the penetrating eye of Dr Robert Hooke, one of ture dit. 
the most eminent philosophers of the last century. He pub- ^''^^^^ 
lished a dpher, which he said contained the theory of sprmgi- '^^'^ * 
ness and of the motions of bodies by the action of sprinss. 
It was this, ceiiinosssttuu. When explained in his 
dissertation, published some years after, it was ti^ tensio sic 
This is precisely the proposition now asserted as a 
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general fiust, a law of nature. This dissertation is full oi 
curious obsorations of fiu:ts in support of his assertion. In 
his application to the motion of bodies, he gives his noble 
discovery of the balance-spring of a watch, which is found- 
ed on this law. The spring, as it is more and more ooOed 
up^ or unwound, by the motion of the balance, acts on it 
with a force proportional to the distance of the balance from 
its quiescent position. The balance, therefore, is acted on 
by an accderating force, which varies in the same manner 
as the force of gravity acting on a pendulum swinging in a 
cycloid. Its vibrations therefore must be performed in 
equal time, whether they are wide or narrow. In the same 
dissertation Hooke mentions all the facts which John Ber- 
noulli afterwards adduced in support of Leibnitz's whimsical 
doctrine of the force of bodies in motion, as the doctrine of 
the vires viva; a doctrine which Hooke might justly have 
claimed as his own, had he not seen its futilitr. 

Experiments made since the time of Hooke show that snd con- 
this law is strictly true in the extent to whidi we have li*^ ^^ 
mited it, viz. in all the changes of form which will be com-^^^ 
pletely undone by the elastidty of the body. It is nearly othart. 
true to a much greater extent. James Bernoulli, in his dif 
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Strength of gertation on the elastic curve, relates some experimenU of 
Maten^ his own, wnich seem to deviate considerably trom it ; but 
on dose examination they do not. The finest experiments 
are those of Coulomb, published in some late volumes of 
the Memoirs of the Acaaemy of Paris. He suspended balls 
by wires, and observed their motions of oscillationy which 
he found accurately corresponding with this law. 

This we shall find to be a very important fact in the doc- 
trine of the strength of bodies, and we desire the reader to 
make it fiunillar to his mind. If we apply to this our man- 
ner of expressing these forces by perpendicular ordinates 
Ccf Dd (fig. 1), we must take other situations £, F, of 
the particle B, and draw £e, Ff; and we must have Dd 
I Ff= BD : BF, or Ce : Ee=: BC : BE. In such a sup- 
position FdBce must be a straight line. But we shall have 
abundant evidence by and by that this cannot be strictly 
true, and that the line Boe, which limits the ordinates ex- 

{)res8ing the attractive forces, becomes concave towards the 
ine ABE, and that die part Bdfis convex towards it. All 
that can be safely concluded fix>m the experiments hitherto 
made is, that io a certain eaUenl the forces, both attractive 
and repulsive, are tentibly proportional to the dilatations 
and compressions. For, 

5. It is universally observed, that when the dilatations 
have proceeded a certain length, a less addition of force is 
sufficient to increase the dimtation in the same degree. 
This b always observed when the body has been so far 
stretched that it takes a set, and does not completely re- 
cover its form. The like may be generally observed in 
ru^"^ '^compressions. Most persons will recollect, that in violently 
dilatation, g^retching an elastic cord, it becomes suddenly weaker, or 
more easily stretched. But these phenomena do not posi- 
tively prove a diminution of the corpuscular force acting on 
one particle : it more probably arises firom the disunion of 
Some particles whose action contributed to the whole or 
sensible effect. And in compressions we may suppose 
something of the same kind ; for when we compress a body 
in one direction, it commonly bulges out in another ; and 
in cases of very violent action some particles may be dis- 
united, whose transverse action had formerly balanced part 
of the compressing force. For the reader will see on reflec- 
tion, that since the compression in one direction causes the 
body to bulge out in the transverse direction, and since 
this bulging out is in opposition to the transverse forces of 
attraction, it must employ some part of the compressing 
force. And the common appearances are in perfect uni- 
formity with this conception of things. When we press a 
bit of dryish clay, it swells out and cracks transversely* 
When a pillar of wood b overloaded, it swells out, and small 
crevices appear in the direction of the fibres. After this it 
will not bear half of the load. This the carpenters call 
crippling ; and a knowledge of the circumstances which 
modify it is of great importance, and enables us to under- 
stand some very paradoxical appearances, as will be shown 
by and by. 

This partial disuniting of particles formerly cohering, is, 
we imagine, the chief reason why the totality of the forces 
which really oppose an external strain does not increase in 
the proportion of the extensions and compressions. But 
sufficient evidence will also be given that the forces which 
would connect one particle with one other particle do not 
augment in the accurate proportion of the change of dis- 
tance ; that in extensions they increase more slowly, and 
in compressions more rapidly. 

But there is another cause of this deviation perhaps 
equally effectual with the former. Most bodies manifest 
some degree of ductility. Now what is this ? The fact is, 
that the parts have taken a new arrangement, in which they 
again cohere. Therefore, in the passage to this new ar- 
rangement, the sensible forces, which are the joint result of 
many corpuscular forces, begin to respect this new arrange- 
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ment instead of the fimner. This must change the simple Streaft^ a 
law of corpuscular force, cfaaracteristtc of the particular Matt fid^. 
species of matter under examination. It does not require ^^ ^ "—' 
much reflection to convince us that the possible arrange- 
ments which the particles of a body may acquire, without 
appearing to change their nature, must be more numerous 
according as the particles are of a more complex constitu- 
tion ; Mid it is reasonable to suppose that the constitution 
even of the most simple kind of matter that we are ac- 
quainted with is exceedingly complex. Our microscopes 
show us animals so minute, that a heap of them must ap- 
pear to the naked eye an uniform mass with a grain finer 
than that of the finest marble or razor hone ; and yet each 
of these has not only limbs, but bones, muscular fibres 
blood-vessels, fibres, and a blood consisting in all probabi- 
lity of globules organized and complex like our own. The 
imagination is here lost in wonder ; and nothing is left us 
but to adore inconceivable art and wisdom, and to exult in 
the thought that we are the only spectatoiis of this beauti- 
ful scene who can derive pleasure from the view. But let 
us proceed to observe, 

6. That the forces which connect the particles of tan- The force f 
gible bodies change by a change of distance, not only in which con- 
degree, but also in kina. The particle B (fig. 1) is attract- °^^.^^ , 
ed by A when in the situation C or E. It b repelled by it^Jj^iJ ^ 
when at D or F. It is not affected by it when in the ntua- bodies 
Uon B. The reader is requested carefully to remark, that change bj 
this is not an inference founded on the authority of our^.^^S^ ^* 
mathematical figure. The figure is an expression (to as-^^^^' 
sist the imagination) of fiicts in nature. It requires no finrce 
to keep the particles of a body in their quiescent situations : 
but if they be separated by stretching the body, they en- 
deavour (fNurdon the figurative expression) to come together 
again. If they be brought nearer by compression, they 
endeavour to recede. This endeavour is manifested by the 
necessity of employing force to maintain the extension or 
condensation ; and we represent this by the different posi- 
tion of our lines. But thb is not all : the particle B, which 
is repelled by A when in the situation r or D, is neutral 
when at B, and is attracted when at C or E, may be placed 
at such a distance AG from A greater than AB that it shall 
be again repelled, or at such a distance AH that it shall 
be again attracted ; and these alterations may be repeated 
again and aeain. This is curious and important, and re- 
quires something more than a bare assertion for its proof. 

In the article Optics we mentioned the most curious Light alter, 
and valuable observations of Sir Isaac Newton, by which it nately st- 
appears that light is thus alternately attracted and repelled ^>^^^^*''^ 
by bodies. The rings of colour which appear between'****^*' 
the object-glasses of long telescopes showed, that in the 
small interval of n^th of an incn, there are at least an 
hundred such changes observable, and that it is highly 
probable that these alternations extend to a much greater 
distance. At one of these distances the light actually con- 
verges towards the solid matter of the glass, which we 
express shortly by saying that it is attracted by it, and 
that at the next aistance it declines from the glass, or is 
repelled by it. The same thing is more sim|?y inferred 
firom the phenomena of light passing by the edges of 
knives and oUier opaque bodies. We refer the reader to 
the experiments themselves, the detail being too long for 
this place ; and we request him to consider them minutely 
and attentively, and to form distinct notions of the infer- 
ences drawn from them. And we desire it to be remark- 
ed, that although Newton, in his discussion, always con- 
siders light as a set of corpuscles moving in free space, and 
obeying the actions of external forces like any other mat- 
ter, the particular conclusion in which we are just now in- 
terested does not at all depend on this notion of the nature 
of light Should we, with Descartes or Huygens, sup- 
pose light to be the undulation of on elastic medium, the 
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Strengtiiofconclunon will be the same. The undulations at cer- Flint glass will attract even though a silk fibre lies double Strength of 

^ ^ ^'^ ^ ^ ^ tain distances are disturbed by forces directed towards the between them, and they much more readily cohere by this Mate rials* 

^ v--*-^ body, and at a greater distance the disturbing forces Jend sliding pressure. '•^-'v^*' 

from the body. Here, then, are two distances at which the plates of glass 

The same But the same alternations of attraction and repulsion attract each other ; namely, when the silk fibre is inter- 

alterna- may be observed between the particles of common matter, posed, and when they are forced together with tliis sliding 

^^^!^ ^^ ^^ ^^ ^^ ^^ ^ piece of very flat and well-polislied glass, such motion. And in any intermediate situation they repel 

ajfd repul« ^ ^ made for the horison-glasses of a good Hadle/s quad- eadi other. We see the same thing in other solid bodies. 

Sinn ob. i^^t, and if we wrap round it a fibre of silk as it comes from Two pieces of lead, made perfecdy clean, may be made Lead and 

■ervable in the coooon, taking care that the fibre shall nowhere cross to cohere by grinding them together in the same manner, iron, 

the par- another, and tlien press this pretty hard on such another It is in this way that pretty ornaments o'i silver are united 

^S|^" ?f piece of glass, it will lift it up and keep it suspended. The to iron. The piece is scraped clean, and a small bit of 

dies '^aa * psrticles therefore of the one do most certainly attract silver like a fish scale is laid on. The die which is to 

glass. those of the other, and this at a distance equal to the strike it into a flower or other ornament is then set on it, 

thickness of the silk fibre. This is nearly the limit ; and and we give it a smart blow, which forces the metals into 

it sometimes requires a considerable pressure to produce contact as firm as if they were soldered together. It some- 

the effect. The pressure is effectual only by compressing times happens that the die adheres to the coin so that they 

the silk fibre, and thus diminishing the distance between cannot be separated : and it is found that this firequently 

the glass plates. This adhesion cannot be attributed to happens when the engravins is such that the raised (igiire 

the pressure of the atmosphere, because there is nothing is not completely surrounded with a smooth flat ground, 

to hinder the air firom insinuating itself between the plates, The probable cause of this is curious. When the coin has 

unce they are separated bv the silk. Besides, the experi* a flat surface all around, this is produced by the most pro- 

ment succeeds equally well under the receiver of an air- minent part of the die. This applies to the metal, and 

pump. This most valuable experiment was first made by completely confines the air which filled the hollow of the 

Huygens, who reported it to the Royal Society. It is die. As the pressure goes on, the metal is squeezed up Prohable 

narrated in the Philosophical Transactions, No. 86. into the hollow of the die; but there is still «r compressed cause wbv 

Here, then, is an attraction acting, like gravity, at a dis- between them,, which cannot escape by any passage. Ittbe die ad. 

tance. But take away the silk fibre, and try to make the is therefore prodigiously condensea, and exerts an elasti-^^''^^^^^^^ 

fflasses touch each oUier, and we shall find a very great city proportioned to the condensation. This serves to^"** 

. rorce necessary. By Newton's experiments it appears, that separate the die firom the metal when the stroke is over, 

unless the prismatic colours begin to appear between the The hollow part of the die has not touched the metal all 

f lasses, they are at least ^^th of an inch asunder or more, the whiles and we may say that the impression was made 

ifow we know that a very considerable force is necessary by air. If this air escape by any engraving reaching 

for producing these colours, and that the more we press through the border, they cohere inseparably, 
the glasses tcwether the more rings of colours appear. It We have admitted that the glass plates are in contact 

also appears m>m Newton's measures, that Uie difference when they adhere thus firmly. But we are not certain 

of distance between the glasses where each of these colours of this : for if we take these cohering glasses, and touch 

appears is about the 89,000th part of an inch. We know them with water, it quickly msinuates itself between them, 

further, that when we have produced the last appearance Yet they still cohere, but can now be pretty easily scpa- 

of a greasy or pearly colour, and then augment the pres- rated. 

sure, making it about 1000 pounds on the square inch, all It is owing to this repulsion, exerted through its proper Repulsion 
colours vanish, and the two pieces of glass seem to make sphere, that certain powders swim on the surface of water, the causeof 
one transparent undistinguishable mass. They appear now and are wetted with great difficulty. Certain insects can somebodief 
to have no air between them, or to be in mathematical run about on the surface of water. They have brushy ?^'""i"!^K 
contact. But another fact shows this conclusion to be feet, which occupy a considerable surface, and if their steps ||^^jg"|^)ly 
premature. The same circles of colours appear in the top be viewed with a magnifying glass, the surfiure of the water ligbtertban 
of a soap-bubble; and as it grows thinner at top, there is seen depressed all around, resembling the footsteps of atbemselveji 
appears an unreflecting spot in the middle. We have the man walking on feather beds. This is owing to a repulsion 
greatest probability therefore that the perfect transparency between the brush and the water. A common fly cannot 
in the middle of the two glasses does not arise from their walk in this manner on water. Its feet are wetted, because 
being in contact, but b^use the thickness of air be- they attract the water instead of repelling it. A steel needle, 
tween them is too small in that place for the reflection of slightly greased, will lie on the surface of water, make an 
light Nay, Newton expressly found no reflection where impression as a great bar would make on a feather bed ; 
the thickness was fths or more of the ^n^^oxy^^ P*"^ ^^ ^" ^^ ^^ weight is less than that of the displaced water. A 
inch. dew-drop lies on the leaves of plants without touching them 
All this while the glasses are strongly repelling each mathematically, as is plain from the extreme brilliancy of 
other, for great pressure is necessary for continuing the the reflection at the posterior surface ; nay, it may be some- 
appearance of those colours, and they vanish in succession times observed that the drops of rain lie on the surface of 
as the pressure is diminished. This vanishing of the co- water, and roll about on it like balls on a table. Yet all 
lours is a proof that the glasses are moving off from each these substances can be wetted ; that is, water can be ap- 
other, or repelling each other. But we can put an end to plied to them at such distances Uiat they attract it. 
this repulsion by very strong pressure, and at the same What we lately remarked of water insinuating itself be- 
time sliding the dasses on each other. We do not pretend tween the glass plates without altogether destroying their 
to account for this effect of the sliding motion ; but the cohesion, shows that this cohesion is not the same that ob- 
fitct is, that by so doing, the glasses will cohere with very tains between the particles of one of the plates ; that is, the 
great force, so that we shall break them by any attempt to two plates are not in the state of one contuiued mass. It 
pull them asunder* It commbnly happens (at least it did is highly probable, therefore, that between these two states 
so with usX that in tliis sliding compression of two smooth there is an intermediate state of repulsion, nay, perhaps, 
flat plates of glass, they scratch and mutually destroy each many such, alternated with attractive sUtes. 
ocher^s surface. It b also worth remarking, that different A piece of ice is elastic, for it rebounds and rings. Its 
kinds of i^lass exhibit difierent properties in this tespect. particles, therefore, when compressed, resile ; and when 
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Strength of utrerchedy contract again. The particles are therefore in mathematical contact, and impeli it (according to the com- Rtreagth j 

Materiali. tlie state represented by B in &gare 1, acted on by repul- mon acc^tation of the word). Both move mth the velo- Mctemk 

sive forces if brought nearer, and by attractive forces if city K This is granted by all to be the final result of the ^^^'^^^^ 

drawn further asunder. Ice expands, like all other bodiesy collision. Now the instant of time in which this comma- I 

by heat. It absorbs a vast quantity of fire, which, by com- nication happens is no part either of the duration of the 




are again in limiu between attractive and repulsive forces ; belonging equally to both. A was moving with the velocity 2. 

for water has been shown, by the experiments of Canton The distinguishing circumstance, therefore, of iu mechanic 

and Zimmerman, to be elastic or compressible. It again cal state is, that it has a deternunation (however inooropre* 

expands by heat It agun absorbs a prodigious quantity hensible) by which it would move for ever with the veloci- 

of heat, and becomes elastic vapour ; its particles repelling ty 2, if nothing changed it. This it has during the whole 

each other at all distances yet observed. The distance be- of iU solitary motion, and therefore in the last instant of 

tween the particles of one plate of glass and those of another this motion. In like manner, during the whole of the joint 

which lies on it, and is carried by it, b a distance of repul- motion, and therefore in the first instant of this modbny the 

sion ; for the force which supports the upper piece is acting atom A has a determination by which it would move for 

in opposition to its weight. This distance is less than that ever with the velocity 1. In one and the same instant, 

at which it would suspend it below it with a silk fibre inter- therefore, the atom A has two incompatible determinations, 

posed ; for no prismatic colours appear between them when Whatever notion we can form of this states which we call 

the silk fibre is interposed. But the distance at which gkss velocity, as a distinction of condition, the same impossibi* 

attracts water is much less than this, for no colours appear lity of conception, or the same absurdity, occurs. Nor can 

when gUus is wetted with water. This distance is less, and it be avoided in any other way than by saying, that this 

not greater, than the other j for when the glasses have water change of A's moUon is brought about by insensible grada- 

interposed between them instead of air, it U found, that tions; that is, that A and B influence each other precisely 

when any particular colour appears, the thickness of the •• they would do if a slender spring were inUrposed. The 

plate of water is to that of the pWe of air which would pro- reader is desired to look at what we have said in the article 

duce the same colour, nearly as three to four. Now, if a Physics. 

piece of glass be wetted, and exhibit no colour, and another The two magnets there spoken of are good representa- 

piece of gUus be simply laid on it, no colour will appear ; tives of two atoms endowed with mutual powers of repul- 

but if they are strongly pressed, the colours appear in the Bion ; and the communication of motion is accomplished in 

same manner as if the glasses had air between. Also, when both cases in precisely the same manner. 
gUus is simply wetted, and the film of water b allowed to ift therefore, we shall ever be so fortunate as to dbcover 

evaporate, when it b thus reduced to a proper thinness the ^^ ^^ of variation of that force which oonnecu one atom 

colours show themselves in great beauty. ©^ matter with another atom, and which b therefore charac- 

Particles of These are a few of many thousand facts, by which it b terbUc of matter, and the ultimate source of aU its sensible 





distance, we represent these forces, as we have already done in fig. 1, 
by the ordinates Ccy D</, Ee, Vf, &c. of a curve, it is evi- 
dent that this curve must cross the axb at all those distan- 
ces where the forces chanee from attractive to repubive, 
and the curve must have oranches alternately above and 
below the axis. 

All these alternations of attraction and repulsion take 
place at small and insensible dbtances. At all sensible dis- 
tances the particles are influenced by the attraction of gra- 
vitation ; and therefore thb part of the curve must be a 

a* 
hyperbola whose equation b ^=-3- What b the form of 

. J* ^ ^1 11 ^ J* ^ r ^t. AK (perpendicubr to the axb AH) for its assymptote, and 

he curve corresponding to the smaUest distonce of the par- ^j,^ liSTbiiich Imo will be to all sebse a hypeJboV having 

tic es? that is, what is the mutual action between the par- ^^ ^^^ .^ assymptote i and the ordinates /C^M, &c. wiS 
tides iust before their coming into absolute contact r Ana- 11 -~> -^ 

logy should lead us to suppose it to be repulsion ; for soli- be proportional to -ry^, -r^, Ac expressing the universal 
dity is the last and simplest form of bodies with which we AL* AM 

are acquainted. Fluids are more compounded, containing gravitation of matter. It will have manv branches BbC^ 
fire as an essential ingredient. We should conclude that £)d£, ^/G, &c expressing attractions, and alternate rqnil* 
this ultimate repulsion is insuperable, for the hardest bodies sive branches CcD, £eF, G^H, &c All tliese will be con- 
are the most elastic. We are fiilly entitled to say that this tained within a distance AH, which does not exceed a very 
repelling force exceeds all that we have ever yet applied to minute firaction of an inch. 

overcome it; nay, there are good reasons for saying that The nmplest particle which can be a constituent of aXhesiiii- 

this ultimate repulsion, by which the particles are kept body having length, bresdth, and thickness, must consist of pb*^ «<* 

from mathematical contact, is really insuperable in its own four such atoms, all of whidi combine their mfluence on ^1^^ ^ 

nature, and that it is impossible to proauce mathematical each atom of another such particle. It is evident that the,|^^^, 

contact. curve which expresses the force that connects two wadtk par- atomic 

^ratheIna. We shall just mention one of these, which we consider tides must be totally different fix>m thb original curves thb 

tical oon- og unanswerable. Suppose two atoms, or ultimate partides hylarchic principle. Suppoune the last known, our mathe- 

i«k*t inipo^* of matter, A and B. Let A be at rest, and B move up to matiail knowledge is quite able to discover the first; but 

^* it with the velocity 2 ; and let w suppose that it comes into when we proceed to compose a body of particles, each of 
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^.^!?Jl^if ''^•''S.T.u'*" ""^ ^ouTBucn particles, we may venture to ,_,,. ^^^ bb pulled asondbr. ^xWoI?** 

Mmtenan^ say that the compound force which connects them is al- Aiatenau. 

^^^^-^^^'^^ most beyond our search, and that the discovery of the pri- This is the simplest of all strains, and the others are in- ^TT^^f^^ 

mary force from an accurate knowledee of the corpuscular deed modifications of it. To this the force of cohesion i6',„,|L }l^ 

forces of this particular matter is absolutely out of our direcdy opposed, with very little modification of its action pulled 

power. by any particular circumstances. asunder ; 

All that we can learn is, the possibility, nay, the certain- When a long cylindrical or prismatic body, such as a rod 
ty, of an innumerable variety of external sensible forms and of wood or metal, or a rope, is drawn by one end, it must 
q^ides, by which different kinds of matter will be dis- be resisted at the other, in order to bring its cohesion into 
tinguished, arimng from the number, the order of composi- action. When it is fastened at one end, we cannot con- 
tion, and die arrangement of the subordinate particles of ceive it any other way than as equally stretched in all its 
which a particle of this or that kind of matter is composed, parts ; for all our observations and experiments on natural 
All these varieties will take place at those small and rnsen* bodies concur in shoiving us that the forces which con- 
aible distances which are between A and H, and may pro* nect their particles in any way whatever are equal and op- 
duce all that variety which we observe in the tangible or posite. This is called the third law cf motion ; and we ad- 
mecbanical forms of bodies, such as elasticity, ductility, mit its universality, while we affirm that it is purely expe- 
hardness, softness, fluidity, vapour, and all those unseen rimental. Yet we have met with dissertations by persons 
motions or actions which we observe in fusion and conge* of eminent knowledge, where propositions are maintained 
lation, evi^XMnation and condensation, solution and precipi- inconsistent with this. During the dispute about the com* 
taUon, crystalliasation, v^etable and animal assimilation and munication of motion, some of the ablest writers have said, 
secreUon, &c. ; while all bodies must be, in a certain de* that a spring compressed or stretched at the two ends was 
gree^ elastic, all must gravitate, and all must be inoompe- gradually less and less compressed or stretched from the ex- 
netrable* tremities towards the middle: but the same writers acknow* 
This general and satisfactory resemblance between the ledged the universal equality of action and re-action, which 
appearance of tangible matter and the legitimate oonse- is quite incompatible with this state of the spring. No such 
quence of this general hypothedcal property of an atom of inequality of compression or dilatadon has ever been observ- 
matter, aflbrds a considerable probability that such is the ed ; and a litde reflecdon will show it to be impossible, in 
origin of all the phenomena. We eamesdy recommend to consistency widi die equality of acdon and re-acdon. 
our readers a careful perusal of Boscovich's celebrated trea- Since all parts are thus equally stretched, it follows that 
dse. A carefnl perusal is necessary for seeing its value ; the strain in any transverse section is the same, as also in 
and nothing will be got by a hasty inspecdon. The reader every point of that secdon. If therefore the body be sup- 
will be particularly pleased with the facility and evidence posed of a homogeneous texture, the cohesion of the parts 
with which the ingenious author has deduced all the ordi- is equable ; and since every part is equally stretched, the 
nary principles of mechanics, and with the explanation particles are drawn to equal distances from their quiescent 
which lie has ffivenoffluidity, and his deducdonfirom thence positions, and the forces which are thus excited, and now 
of the laws of hydrostatics. No part of the treatise is more exerted in opposition to the straining force, are equal. This 
valuable than the doctrine of the propagation of pressure external force may be increased by degrees, which will 
through solid bodies. This, however, is but just touched gradually separate the parts of the body more and more 
on in the course of the investigation of the principles of from each other, and the connecting forces increase with 
medianics. We shall borrow as much as will suffice for this increase of distance, till at last the cohesion of some 
our present inquiry into the strength of materials ; and we particles is overcome. This must be immediately followed 
trust that our readers are not displeased with this general by a rupture, because the rcnuuning forces are now weaker 
sketdi of the doctrine (if it may be so called) of the cohe- than before. 
The doc- sion of bodies. It is curious and important in itself, and is the It is the united force of cohesion, inomediately before the 
trine of oo- foundation of all the knowledge which we can acquire of the disunion of the first particles, that we call the strength of 
h&iion yet present article. We are sorry to^say that it is as yet a new the section. It may also be properly called its absoluU 
Wct^ ' '^j^^ ^ study ; but it is a very prombing one, and we by strength^ being exerted in the simplest form, and not modi- 
no means despair of seeing the whole of (£emistry brought fied by any relation to other circumstances, 
by its means within the pale of mechanical science. The If the external force have not produced any permanent a efreuxn- 
great and distinguishing agent in chemistry is heat, or fire change on the body, and it therefore recovers its former itanoe to 
die cause of heat ; and one of its most singular effects is the dimensions when the force is withdrawn, it is plain that this ^ ^ttended 
conversion of bodies into elastic vapour. We have the strain may be repeated as oflen as we please, and the ^^y^ttmc-'^ 
clearest evidence that this is brought about by mechanical which withstands it once will always withstand it. It istion re- 
forces | for it can be opposed or prevented by external pres- evident that this should be attended to in all constructions, quiring 
sure, a very fioniliar mechanicw force. We may perhaps and that in all our investigations on this subject this should •trenfth. 
find another mechanical force which will prevent fusion. be kept stricdy in view. When we treat a piece of soft 

clay in this manner, and with this precaution, die force em- 
Having now made our readers familiar with the mode ployed must be very small. If we exceed this, we produce 
of acdon in which cohesion operates in giving strength to a permanent change. The rod of clay is not indeed torn 
solid bodies, we proceed to consider the strains to which asunder, but it has become somewhat more slender ; the 
this strength is opposed. number of particles in a cross section is now smaller ; and 
Strains to A piece of solid matter is exposed to four kinds of strains, therefore, although it will again, in this new form, suffer or 
^^^^ . . different in the manner of their operation. allow an endless repetition of a certain strain without any 
^||T^^^ 1. It may be torn asunder, as in the case of ropes, farther permanent change, this strain is smaller than the 
t^poMQ. gtii^^li^fg^ king-posts, tie-beams, &c former. 

2. It may be crushed, as in the case of pillars, posts, and Something of the same kind happens in all bodies which 
iroBS-beams. receive a set by the strain to which they are exposed. All 

3. It may be broken across, as happens to a joist or lever ductile bodies are of this kind. But thete are many bodies 
of anv kind. which are not ductile. Such bodies break completely when- 

4. It mav be wrenched or twisted, as in the case of the ever they are stretched beyond the limit of their perfect 
axle of a wbed the nail of a press, &c. elasticity. Bodies of a fibrous structure exhibit very great 
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Stren^b of varieties in their oohcuon. In some the fibres have no la- 
Mate riali. ignj cohesion, as in the case of a rope. The only way in 
^^''^y'^^ which all the fibres can be made to unite their strength, is 
ne^tln' ^ ^^^^ itiem together. This causes them to bind each 
cohesion. Other so fiut, that any one of tliem will break before it can 
but be drawn out of the bundle. In other fibrous bodies, such 

as timber, the fibres are held together by some cement or 
gluten. This is seldom as strong as the fibre. Accord- 
ingly Umber is much easier pulled asunder in a direction 
transverse to the fibres. There is, however, every possible 
variety in this particular. 

In stretching and breaking fibrous bodies, the visible ex- 
tension is fi'equently very considerable. This is not solely 
the increasing of the distance of the particles of the coher- 
ing fibre ; the greatest part chiefly arises fix>m drawing the 
crooked fibre straight. In this, too, there is great diversi- 
ty ; and it is accompanied with important differences in 
their power of withstanding a strain. In some woods, such 
as fir, the fibres on which the strength most depends are 
very straight. Such woods are commonly very elastic, do 
not take a set, and break abruptly when overstrained: 
others, such as oak and birch, have their resisting fibres 
very undulating and crooked, and stretch very sensibly by 
a strain. They are very liable to take a set, and they do 
not break so suddenly, but give warning by complainmg^ 
as the carpenters call it ; that is, by giving visible signs of 
a derangement of texture. Hard bodies of an uniform 
glassy structure, or granulated like stones, are elastic through 
Uie whole extent of their cohesion, and take no set, but 
break at once when overloaded. 

Notwithstanding the immense variety which nature ex- 
hibits in the structure and cohesion of bodies, there are cer- 
tain general facts of which we may now avail ourselves with 
advantage. In particular, 

The absolute cohesion is proportional to the area of tlie 
section. This must he the case where the texture is per- 
Mrensth ^^^^^7 uniform, as wc have reason to think it is in glass and 
propiM^on- ^^ ductile metals. The cohesion of each particle being 
al to the alike, the whole cohesion must be proportional to their 
area of the number, that is, to tlie area oX the section. The same mu&t 
•ection oer- be admitted with respect to bodies of a granulated texture, 
to" he wt^ where the granulation is regular and uniform. The some 
tending ^^^^ be admitted of fibrous bodies, if we suppose their fibres 
force equally strong, equally dense, and similarly disposed tin ough 

the whole section ; and this we must either supiiose, or 
must state the diversity, and measure the cohesion accord- 
ingly. 

We may tlierefore assert, as a general proposition on this 
subject, that the absolute strength in any part of a body, by 
which it resists being pulled asunder, or the force which 
must be employed to tear it asunder in that parit is propor- 
tional to the area of the section perpendicular to the ex- 
tending force. 

Therefore all cylindrical or prismatical rods are equally 
strong in every part, and will break alike in any part ; and 
oodies which have unequal sections will always break in 
the slenderest part The length of the cylinder or prism 
has no effect on the strength. Also the alMolute strengths 
of bodies which have similar sections are proportioniu to 
the squares of their diameters or homologous sides of the 
section. 

The weight of the body itself may be employed to strain 
ijt and to break it. It is evident, that a rope may be so long 
as to break by its own weight. When the rope is hanging 
perpendicularly, although it is equally strong in every part. 
It will break towards the upper end, because the strain on 
Relative any part is the weight of all that is below it. Its relaihe 
strength, strength in any part, or power of withstanding the strain 



the abso- 
lute oohe 
•ion or 



which is actually laid on it, is invefsely as the quantity be- Strength of 
low that part. Mateiiaia 

When the rope is stretched horizontally, as in towing a ^'^^^v-'^ 
ship, the strain arising finm its weight oRen bears a very 
sensible proportion to its whole strength. 

These are the chief general rules which can be safely 
deduced from our clearest notions of the cohesion of bodies. 
In order to make any practical use of them, it is proper to 
have some measures or the <»hesion of such bodies as are 
commonly employed in our mechanics, and other structures 
where they are exposed to this kind of strain. These must The cohe- 
be deduced solely firom experiment; therefore they must*io° of m»- 
be considered as no more than general values, or as the^^.^ 
averages of many particuheur trials. The irregularities are^^Q^^, 
very great, because none of the substances are constant in cumstan. 
their texture and firmness. Metals differ by a thousand oes. 
circumstances imknown to us, according to their purity, 
to the heat with which they were melted, to the moulds 
in which they were cast, and the treatment they have 
afterwards received, by forging, wire-drawing, temper* 
ing, &C. 

It is a very curious and inexplicable Act, that by forging 
a metal, or by firequently drawing it through a smooth hole 
in a steel plate, its cohesion is greatly increased. This 
operation undoubtedly deranges the natural situation of 
the particles. They are squeezed closer together in one 
direction, but it is not in the direction in which they resist 
the fracture. In this direction they are rather separated 
to a greater distance. The general density, however, is 
augmented in all of them except lead, whidi grows rather 
rarer by wire-drawing ; but its cohesion may be more than 
tripled by this operation. Gold, silver, and brass, have 
their cohesion nearly tripled ; copper and iron have it more 
than doubled. In this operation they also grow much 
harder. It is proper to heat them to redness after drawing 
a little. This is called nealmg or tutntaUng. It softens 
the metal again, and renders it susceptible of anotlier draw- 
ing without the risk of cracking in tne operation. 

We do not pretend to give any explanation of this re- 
markable and very important fact, which has something re- 
sembling it in woods and other fibrous bodies, as wifi be 
mentioned afterwards. 

The varieties in the cohemon of stones and other minerals, 
and of vegetable and animal substances, are hardly suscep- 
tible of any description or dasafication. 

We shall take for the measure of coheaon the number 
of pounds avoirdupois which are just sufficient to tear asun- 
der a rod or bundle of one inch square. From thu it will 
be easy to compute the strength corresponding to any other 
dimension* 

1j/, MHals. 

lbs. 

n \A . J 20,000 

^^*^^ 124^000 

G*i » J 40,000 

Silver, cast ^^;^j^ 

(Japan 19,000 
Barbary 22,000 
Hungary.... 31,000 
Anglesea.. 84,000 
Sweden 87,000 

Iron,cast^. {sJoOO 

{Ordinary 68,000 
Stirian 76,000 
Best Swedish and Rusnan 84^000 
Horse-nails. 71,000^ 



* Thia was an experiment bj Mnachenbroeck, to examine th< ndgtr notion that iron forged from old borse-naila waa stronger fimn a 
oUicrSi and shows ibi ialattjr. 
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by mix- 
tures. 



Steel bar f ^^ ^^^'^ 

oieei, oar.... ^ R^zor temper 150,000 

(rMalacca. 8,100 
Banca S,600 
Block 3,800 
English block 6,200 
grains 6,500 

Lead, cast^ 860 

Regulus of antimony 1,000 

Zinc 2,600 

Bismuth 2,900 

It is very remarkable, that almost all the mixtures of me- 
tals are more tenacious than the metals themselves. The 
change of tenacity depends much on the proportion of the 
ingredients, and the proportion which produces the most 
tenacious mixture is different in the different metals. We 
have selected the following from the experiments of Mus- 
chenbroeck. The proportion of ingredients here selected 
is that which produces the greatest strength. 

Two parts of gold with one of silver. 28,000 

Five parts of gold with one of copper 50,000 

Five parts of silver with one of copper 48,500 

Four parts of silver with one of tin 41,000 

Six parts of copper with one of tin 41,000 

Five parts of Japan copper with one of Banca tin... 57,000 
Six parts of Chili copper with one of Malacca tin... 60,000 
Six parts of Swedish copper with one of Malacca tin 64^000 
Brass consists of copper and zinc in an unknown pro- 
portion ; its strength is 51,000 

Three parts of block-tm with one part of lead 10,200 

Eight parts of block-tin with one part of zinc 10,000 

Four parts of Malacca tin with one part of regulus 

of antimony 12,000 

Eight parts of lead with one of zinc 4,500 

Four parts of tin with one of lead and one of zinc... 13,000 
These numbers are of considerable use in the arts. The 
mixtures of copper and tin are particularly interesting in 
the fabric of great guns. We see that, by mixing copper, 
whose greatest strength does not exceed 37,000, with tin, 
which does not exceed 6000, we produce a metal whose 
tenacity is almost double, at the same time that it is harder 
and more easily wrought. It is, however, more fusible, 
which is a great inconvenience. We also see that a very 
small addition of zinc almost doubles the tenacity of tin, 
and increases the tenacity of lead five times ; and a small 
addition of lead doubles the tenacity of tin. These are 
economical mixtures. This is very valuable information to 
the plumbers, for augmenting tlie strength of water-pipes. 

By having recourse to these tables, the engineer can 
proportion the thickness of his pipes, of whatever metal, 
to the pressures to which they are exposed. 

24 Woods. 

We may premise to this part of the table the following 
general observations. 
Tciocity 1. The wood immediately surrounding the pith or heart 

"r ^^^^jf^ ^^ ^^ ^'^ ^ ^^ weakest, and its inferiority is so much 
nrood. ^^^^ remarkable as the tree is older. In this assertion, 
however, we speak with some hesitation. Muschenbroeck's 
detaU of expcariments is decidedly in the affirmative. M. 
Buffbn, on the other band, says that his experience has 
taught him that the heart of a sound tree is the strongest ; 
but he gives no instances. From many observations c^ our 
own on very hr^ oaks and firs, we are certain that the 
heart is much wraker than the exterior parts. 

2. The wood next the bark, commonly called the wkiie 
nr Mrs, is also weaker than the rest; and the wood gra- 
dually increases in strength as we recede from the centre 
fo the blea. 
8. The wood is stronger in the middle of the trunk than 



at the springing of the branches or at the root; and theBtrengthof 
wood of the branches is weaker than that of the trunk. Materials. 

4. The wood of the north side of all trees whidi grow in 
our European climates is the weakest, and that of the south- 
east side is the strongest ; and the difference is most re- 
markable in hedge-row trees, and such at grow singly. The 
heart of a tree is never in its centre, but always nearer to 
the north sideband the annual coats of wood are thinner on 
that side. In conformity with this, it is a general opinion 
of carpenters that timber is stronger whose annual plates 
are thicker. The trachea or air-vessels are weaker than 
the simple ligneous fibres. The air-vessels are the same 
in diameter and number of rows in trees of the same spe- 
cies, and they make the visible separation between the 
annual plates. Therefore, when these are thicker, they 
contain a greater proportion of the simple ligneous fibres. 

5. All woods are more tenacious while green, and lose 
very considerably by drying after the trees are felled. 

The only author who has put it in our power to judge of 
the propriety of his experiments is Muschenbroeck. He 
has described his method of trial minutely, and it seems 
unexceptionable. The woods were all formed into slips 
fit for- his apparatus, and part of the slip was cut away to 
a parallelopiped of ^th of an inch square, and therefore ^h 
of a square mch in section. The absolute strengths of a 
square inch were as follow : 

lib. 

Locust tree 20,100 

Juleb 18,500 

Beech, oak. 17,300 

Orange 15,500 

Alder. 13,900 

Elm 13,200 

Mulberry 12,500 

Willow 12,500 

Ash 12,000 

Plum 11,800 

Elder 10,000 

Muschenbroeck has given a very minute detail of the 
experiments on the ash and the walnut, stating the weights 
which were required to tear asunder slips taken from the 
four sides of the tree^ and on each side, in a regular pro- 
gression from the centre to the circumference. The num- 
ber of this table corresponding to these two timbers may 
therefore be considered as the average of more than fifly 
trials made of each ; and he says that all the others were 
made with the same care. We cannot therefore see any 
reason for not confiding in the results ; yet they are con- 
siderably higher than those given by some other writers. 
Mr Pitot, on the authority of his own experiments, and of 
those of Mr Parent, avers that sixty pounds will just tear 
asunder a square line of sound oak, and that it will bear 
fifty with safety. This gives 8640 for the utmost strength 
of a square inch, which is much inferior to Muschenbroeck's 
valuation. 

We may add to these, 

Ivory 16,270 

Bone 5,250 

Horn 8,750 

Whalebone 7,500 

Tooth of sea-calf. 4^075 

The reader will surely observe, that these numbers ex- No sub- 
press something more than Uie utmost cohesion; for ^e!|^^^ ^ 
weights are such as will very quickly, that is, in a ^^unute^^ J|.^^^^ 
or two^ tear the rods asunder. It may be said in general, ture above 
that two thirds of these weights wiU sensibly impair theonehalf iti 
strength afler a considerable while, and that one half Is thestreiis:th. 
utmost that can remain suspended at them without risk for 
ever ; and it is upon this last allotment that the engineer 
should reckon in his constructions. There is, however, con- 
siderable difference in this respect. Woods of a very straight 

2k 



Ub. 

Pomegranate ^50^,^|„^^ 

Lemon 9250strengtb of 

Tamarind. 8750 different 

Fir 8330kindiof 

Walnut .8130^"^^' 

Pitch-pine 7650 

Quince 6750 

Cypress 6000 

Poplar 5500 

Cedar 4880 



and of 
other lub- 
stances. 
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Strength of fibre^ such M fir, will be less impaired by any load which is We have reason to think that the constitution of very homo-Strejirl''^ ^^ 

MateriiU qq^ sufficient to break them immediately. geneous bodies, such as glass, b not very different from this. ^'"^ "^ 

***^^'''**^ According to Mr Emerson, the load which may be safely If this be the constitution of bodies, it u>pear8 probable •JT"^''^^*^ 

suspended to an inch square is as follows: that the strength, or the resistance which they are capable strength 

Iron 76,400 of making to an attempt to crush them to pieces, is propor-or power 

Brass 35,600 tional to the area of the section whose plane isperpencucu-ofresisT- 

Hempen rope 19,600 lar to the external force ; for each particle being similarly *°<^ ^ 

Ivory 15,700 and equally acted on and resisted, the whole resistance mu^!"^^ * 

Oak, box, yew, plum-tree 7,850 be as their number, that is, as the extent of the section. ^^'^^ 

Elm, ash, beech, 6,070 Accordin^y this principle is assumed by the few writers 

Walnut, plum 5,360 who have considered the subject ; but we confess that it 

Red fir, holly, elder, plane, crab 5,000 appears to us very doubtful. Suppose a number of brittle 

Cherry, hasel 4,760 or friable balls lyingon a table uniformly arranged, but not 

Alder, asp, birch, willow 4»290 cohering nor in contact, and that a board is laid over them 

Lead 430 and loaded with a weight { we have no hesitation in saying 

Freestone 914 that the weight necessary to crush the whole collection is 

He gives us a practical rule, that a cylinder whose diame- proportional to their number or to the area of the section, 

ter is 1 inch, loaded to one fourth of its disolute strength, But when they are in contact, and still more if they cohere, 

will carry as follows : we imagine that the case is materially altered. Any indi- 

Iron 1S5\ vidual ball is crushed only inconsequence of its being bul- 

Good rope ^^ Vcwt. ^^ outwards in the direction perpendicidar to the pressure 

Oak 14 1 employed. If this could be prevented by a hoop put round 

Fir • 9/ • the ball like an equator, we cannot see now any force can 

The rank which the different woods hold m this list of crush it. Any thing therefore which makes this bulging 

Mr Emerson's is very different from what we find in Mus- outwards more difficult, makes a greater force necessary, 

chenbroeck's. But precise measures must not be expected Now this effect will be produced by the mere contact of 

in this matter. It is wonderfiil, that in a matter of such un- the balls before the pressure is applied ; for the central ball 

questionable importance the public has not enabled some cannot swell outwara laterally without pushing away the 

persons of judgment to make proper trials. They are be- balls on all sides of it. This is prevented by the fiiction 

yond the abilities of private persons. on the table and upper board, which is at least equal 

to one third of the pressure. Thus any interior ball oe- 

„, BODIES MAT BB CBUSHBO. comes Stronger by the mere vicinity of the others ; and it 

we further suppose them to cohere laterally, we think that 

It it of im- It is of equal, perhaps greater, importance to know the its strength will be still more increased. 

CDnance to strain which may be laid on solid bodies without danger of The analogy between these balb and the cohering par- 
"u^ ^^^ crushing them. Pillars and posts of all kinds are exposed tides of a friable body is very perfect We should there- 
bodiM." ^ ^^ strain in its simplest form; and there are cases fore expect tliat the strength by which it resists being crusli- 
where the strain is enormous, viz. where it arises from the ed will increase in a greater ratio than that of the section, 
oblique position of the parts, as in the struts, braces, and or the square of the diameter of similar sections; and that 
trusses, which occur very frequently in our great works, a square inch of any matter will bear a greater weight in 
It is therefore most desirable to have some general know- proportion as it makes a part of a greater section. Ac- 
ledge of the principle which determines the strength of cordingly this appean in many experiments, as will after- 
bodies, in opposition to this kind of strain. But, unfortu- wards be noticed. Muschenbroeck, Euler, and some oUiers, 
nately, we are much more at a loss in this than in the last have supposed the strength of colunms to be as the biqua- 
case. The mechanism of nature is, in the present case, much drates or their diameters. Euler deduced this from fbr- 
more complicated. It must be in some circuitous way that mulse which occurred to him in the course of his algebraic 
compression can have any tendency to tear asunder Uie parts analysis; and he boldly adopts it as a principle, without 
of a solid body, and it is very difficult to trace the steps. looking for its foundation in the physical assumptions which 
If we suppose the particles insuperably hard and in con- he had made in the beginning of his investisation. But 
tact, and disposed in lines which are in the direction of the some of his original assumptions were as paradoxiad, or at 
external pressures, it does not appear how any pressure can least as gratuitous, as these results ; and those, in particular, 
disunite the partides ; but this is a gratuitous supposition, from which this proportion of the strength of columns was 
There are infinite odds against this predse arrangement deduced, were almost foreign to the case ; and Uierefore the 
of the lines of particles ; and the compressibility of sH kinds inference was of no value. Yet it was received as a prin* 
of matter in some degree shows that the partides are in a dple by Muschenbroeck and by the academidans of St 
situation equivdent to distance. This being the case, and Petersburg. We make these very few observations, be- 
the partides, with their intervals, or what is equivalent to in- cause the subject is of great practical importance ; and it is 
tervals, being in situations that are oblique with respect to a great obstacle to improvements when deference to a great 
the pressures, it must follow, that by squeezing them together name, joined to incapadty or indolence, causes authors to 
in one direction, they are made to bulge out or separate in adopt his careless reveries as principles from which they are 
other directions. This may proceed so fiur that some may afterwards to draw important consequences. It must be 
be thus pushed laterally beyond their limits of cohesion, acknowledged that we have not as yet established, on solid 
The moment that this happens the resistance to compres- mechanical principles, the relation between the dimensions 
sion is diminished, and the body will now be crushed to- and the strength of a pillar. Experience plainly contradicts 
gether. We may form some notion of this by supposing a the general opinion, that the strength is proportional to the 
number of spherules, like small shot, sticking togedier by area of the section ; but it is stilf more inconsistent with 
means of a cement. Compressing this in some particular the opinion, that it is in the quadruplicate ratio of the dia- 
direction causes the sphenues to act among each other like meters of similar sections. It would seem that the ratio 
bo many wedges, each tending to penetrate through between depends much on the internal structure of the body ; and 
the three which lie below it : and this is the simplest, and experiment seems the only method for ascertaining its ge- 
perhaps the only distinct, notion we can liave of the matter, neral laws. 
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Strength of If we suppose the body to bt of a fibrous texture, having 
AUterialB. ^jj^ fibres situated in the direction of the pressure, and 
to be^as^ «ligbtly adhering to each other by some kind of cement, 
certained '"ch a body will fail only by the bending of the fibres, by 
only by ex. which they will break the cement and be detached from 
periinent. each other. Something like tliis may be supposed in wood- 
en pillars. In such cases, too, it would appear that the 
resistance must be as the number of equally resisting fibres, 
and as their mutual support, jointly ; and, therefore, as some 
function of the area of the section. The same thing must 
happen if the fibres be naturally crooked or undulated, as 
is observed in many woods, provided we suppose some simi- 
larity in their form. Similarity of some kind must always 
be supposed, otherwise we need never aim at any general in- 
ferences. 

In all cases therefore we can hardly refuse admitting that 
the strength in opposition to compression is proportional to 
a function of the area of the section. 

As the whole length of a cylinder or prism is equally 
pressed, it does not appear that the strength of a pillar is 
at all affected by its length. If indeed it be supposed to 
bend imder the pressure, the case is greatly changed, be- 
cause it is then exposed to a transverse strain ; and this in- 
creases with the length of the pillar. But this will be con- 
sidered with due attention unaer the next class of strains. 
Few experiments have been made on this species of 
strength and strain. Mr Pitot says that his experiments 
and those of Mr Parent show that the force necessary for 
crushing a body is nearly equal to that which will tear it 
asunder. He says that it requires something more than 
sixty pounds on every square line to crush a piece of sound 
oak. But the rule is by no means general : glass, for in- 
stance, will carry a himdred times as much as oak in this 
way, that is, resting on it ; but will not suspend four or five 
times as much. Oak will suspend a great deal more than 
fir ; but fir, as a pillar, will carry twice as much. Woods of 
a soil texture, although consisting of very tenacious fibres, 
are more easily crushed by their load. This softness of tex- 
ture is chiefly owing to their fibres not being straight but 
undulated, and there being considerable vacuities between 
them, so that they are easily bent laterally and crushed. 
When a post is overstrained by its load, it is observed to 
swell sensibly in diameter. Increasing the load causes lon- 
gitudinal cracks or shivers to appear, and it presently afler 
gives way. This is called crippling. 

In all cases where the fibres lie oblique to the strain, the 
strength is greatly diminished, because the parts can then 
be made to slide on each other when the cohesion of the 
cementing matter is overcome. 

Muschenbroeck has given some experiments on this 
subject ; but they are cases of long pillars, and therefore 
do not belong to this place. They will be considered af- 
terwards. 

The only experiments of which we have seen any detail 
(and it is useless to insert mere assertions) are those of 
Mr Gauthey, in tlie fourth volume of Rozier's Journal de 
Physique, This engineer exposed to great pressures small 
rectangular parallelopipeds, cut from a great variety of 
stones, and noted the weights which crushed them. The 
fbllowing table exhibits the medium results of many trials 
on two very uniform kincb of freestone, one ox them 
among the hardest and the other among the softest used 
in building. 

Column first expresses the length AB of the section, in 
French lines or ]2ths of an inch; column second expresses 
the breadth BC $ column third is the area of the section, 
in sc^uare lines ; column fourth is the number of ounces 
required to crush the piece ; column fifUi is the weight 
which was then borne by each square line of the section ; 
and column sixth is the round numbers to which Mr Gau- 
they imagines that those in column fifth approximate. 









Hard Stone. 
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AB. 


BC. 


ARxBG. 


Weight. 


Force. 




Material 


1 


8 


8 


64 


736 


11-5 


12 


^**"^r**^ 


2 


8 


12 


96 


2625 


27-3 


24 


merits ffir 


3 


8 


16 


128 


4496 
Stone. 


35- 1 


36 


this pur- 
pose msil 
on free- 
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Little can be deduced from these experiments: the 
first and third, compared with the fifth and sixth, should 
furnish similar results ; for the first and fifth are respec- 
tively half of the third and sixth ; but the third is tnree 
umes stronger (Uiat is, a line of the third) than the first, 
whereas the sixth is only twice as strong as the fifth. 

It is evident, however, that the strength increases much 
faster than the area of the section, ana that a square line 
can carry more and more weight, according as it makes a 
part of a larger and larger section. In this series of ex- 
periments on the soft stone, the individual strength of a 
square line seems to increase nearly in the proportion of 
the section of which it makes a part 

Mr Gauthey deduces, from the whole of his numerous ex- 
periments, that a pillar of hard stone of Givry, whose sec- 
tion is a square foot, will bear with perfect safety 664^000 
poimds, and that its extreme strength is 871,000; and 
the smallest strength observed in any of his experiments 
was 460,000. The soft bed of Givry stone had for its 
smallest strength 187,000, for its greatest 311,000, and for 
its safe load 249,000. Grood brick will carry with safety 
320,000 ; chalk will carry only 9000. The boldest piece 
of architecture in this respect which he has seen is a pil- 
lar in the church of All-Saints at Angers. It is twenty - 
four feet lone and eleven inches square, and is loaded with 
60,000, whidi is not one seventh of what is necessary for 
crushing it. 

We may observe here by the way, that Mr Gauthey's 
measure of the suspending strength of stone is vasUy small 
in proportion to its power of supporting a load laid above 
it. lie finds that a prism of the hard bed of Givry, of a 
foot section, is torn asunder by 4600 pounds ; and If it 
be firmly fixed horizontally in a wall, it will be broken by 
a weight of 56,000 suspended a foot firom the wall. If it 
rest on two props at a foot distance, it will be broken by 
206,000 laid on its middle. These experiments agree so not satis- 
ill with each other, that little use can be made of them, factory. 
The subject is of great importance, and well deserves the 
attention of the patriotic philosopher. 

A set of good experiments would be very valuable, be- Good ex- 
cause it is against this kind of strain that we must guard periments 
by judicious construction in the most delicate and difficult ™|^^^*'*^ 
problems which come through the hands of the civil and^ 
military engineer. The construction of stone arches, and 
the construction of great wooden bridges, and particularly 
the construction of the frames of carpentry called centres 
in the erection of stone bridges, are the most difficult jobs 
that occur. In the centres on which the arches of the 
bridge of Orleans were built, some of the pieces of oak 
were carrying upwards of two tons on every square inch of 
their scantling. All who saw it said that it was not able 
to carry the fourth part of the intended load. But the 
engineer understood the principles of his art, and ran the 
risk, and the result completely justified his confidence ; for 
the centre did not complain in any part, only it was found 
too supple ; so that it went out of shape while the haunches 
only of the arch were laid on it. Tne engineer corrected 
this by loading it at the crown, and thus kept it coropletelv 
in shape during the progress of the work. 

In the Memoirs of die Academy of St Petersbui^ fbr 
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STRENGTH OF MATERIALS. 



How they 
are to be 



Strengfth of 1778, there is a dissertation by Euler on this subject, but 
Materials- particularly limited to the strain on columns, in which the 
bending is taken into the account. Mr Fuss has treated 
the same subject with relation to carpentry in a subsequent 
volume. But there is little in these papers besides a dry 
mathematical disquisition, proceeding on assumptions 
which (to speak favourably) are extremely gratuitous. 
The most important consequence of the compression is 
wholly overlooked, as we shall presently see. Our know- 
ledge of the mechanism of cohesion is as yet far too im« 
perfect to entitle us to a confident application of mathe- 
matics. Experiments should be multiplied. 

The only way in which we can hope to make these experi- 
ments useful, is to pay a careful attention to the manner in 
made use- ^[^j^ ^^ fracture is produced. By discovering the general 
resemblances in this particular, we advance a step in our 
power of introducing mathematical measurement. Thus, 
when a cubical piece of chalk is slowly crushed between 
the chaps of a vice, we see it uniformly split in a surface 
oblique to the pressure, and the two parts then slide along 
the surface of ^fracture. This should lead us to exa- 
mine mathematically what relation there is between this 
surface oi firacture and the necessary force; then we 
should endeavour to determine experimentally the position 
of this surface. Having discovered some ffeneral law or 
resemblance in this circumstance, we should try what ma- 
thematical hypothesis will agree with this. Having found 
one, we may then apply our simplest notions of cohesion, and 
compare the result of our computations with experiment. 



we found it considerably above the direct cohesion i that ia. Strength &. 
it took considerably more than twice the force to tear out this Mat^nali^ 
middle piece that it did to tear the pin asunder by a direct ~ 
pull. A piece of fine fireestonc required 205 pounds to pull 
It directly asunder, and 575 to break it in this way. The 
difference was very constant in any one substance, but varied 
from four thirds to six thirds in different kinds of matter, 
beine smallest in bodies of a fibrous texture. But indeed we 
could not make the trial on any bodies of considerable cohe- 
sion, because they required such forces as our apparatus could 
not support. Chalk, clay baked in the sun, baked sugar, brick, 
and fireestone, were the strongest that we could examine. 

But the more common case, where the energy of a lever 
intervenes, demands a minute examination. 

Let ABCD (fig. 3) be the longitudinal section of abeam 
a wall at 



Fig. S. 



tr 



It is of im- 
portance 
to know 
what strain 
will break 
a body 
transverse- 



Experi- 
ments 
made to 
ascertain 
it 



lU. — A BODY MAY BE BROKEN ACROSS. 

The most usual, and the greatest strain, to which mate- 
rials are exposed, u that which tends to break them trans- 
versely. It is seldom, however, that this is done in a 
manner perfectly simple; for when a beam projects hori- 
zontally from a wall, and a weight is suspended firom its 
extremity, the beam is commonly broken near the wall, 
and the intermediate part has performed the functions of 
a lever. It sometimes, though rarely, happens that the 

Ein in the joint of a pair of pincers or scissors is cut through 
y the strain ; and this is almost the only case of a simple 
transverse fracture. Being so rare, we may content our- 
selves with saying, that in this case the strength of the 
piece is proportional to the area of the section. 

Experiments were made for discovering the resistances 
made by bodies to this kind of strain in the following man- 
ner. Two iron bars were disposed horizontally at an inch 
distance ; a third hung perpendicularly between them, being 
supported by a pin nuiae of the substance to be examined. 
This pin was made of a prismatic form, so as to fit exactly 
the holes in the three bars, which were made very exact, 
and of the same size and shape. A scale was suspended at 
the lower end of the perpendicular bar, and loaded till it 
tore out that part of tne pin which filled the middle hole. 
This weight was evidently the measure of the lateral co- 
hesion of two sections. The side-bars were made to grasp 
the middle bar pretty strongly between them, that there 
might be no distance interposed between the opposite pres- 
sures. This would have combined the energy of a lever with 
the purely transverse pressure. For the same reason it was 
necessary that the internal parts of the holes should be no 
smaller than the edges. Great irregularities occurred in 
our first experiments from this cause, because the pins were 
somewhat tighter within than at the edges ; but when this 
was corrected they were extremely regiuar. We employed 
three sets of holes, viz. a circle, a square (which was occa- 
sionally made a rectangle whose lengui was twice its breadth), 
and an equilateral triangle. We found in all our eimeri- 
ments the strength exactly proportional to the area of the 
lection, and quite independent of its figure or position, and 



CD 



inserted into 
the end AD, and sup- 
porting a weight at 
the free end BC : it is 
required to find what 
tendency the weight 
will have to break the 
beam over at the sec- 
tion £F. 

The weight at C 
will, in the nrst place, 
cause a tendency of 
the part EBCF to 
slide down on the 
surface £F, but the 
strength of the beam in resisting this kind of dislocation la 
much greater than its power of reusting conunon firacture: 
it is therefore unnecessary to examine this case. 

Tne weight at C will cause fhe beam to bend ; tliat is, it 
will distend the upper and compress the under part of the 
beam, and, acting at the extremity of the lever FC, its power 
of causing such compression and distention will be W X FC. 
Since the weight at C acts in a vertical direction, it cannot 
tend either to lengthen or to shorten the beam, and dius the 
repulsion of the compressed part must be exactly equal to 
the attraction of the distended parts. 

Let G be the neutral point, and draw through it the 
line/Ge, contiguous toFGE; draw also HA and Ii paral- 
lel to CD. The lines It, in the under side of the cross sec- 
tion, will represent the degrees of comiM'esdon, and also 
(since within the limits of security the rq>ulsion is propor- 
tional to the degree of compression) die rorce of repulsion^ 
while the lines Hh on the upper side will serve to represent 
the attractions. The sum of all the lines on the upper side, 
that is, the wedge EGc, will thus represent the entire amount 
of attraction, while the wed^e FGfw'iW represent the total 
amount of repulsion. These two wedges, then, must be equal 
to ^kch other ; and this equality determines the position of the 
axis of flexure represented by the point G. In the case of a 
rectangular beam, G must clearly be in the middle of the line 
EF ; but when the cross section of the beam is irregular, the 
position of the axis of flexure is not quite so easily found. 

Let EF be the cross section of an irregular beam, and OH 
the axis of flexure, or the place where 
the beam is neither compressed nor 
distended. Then the wedges gene- 
rated by turning the section EF upon 
OH as an axis must be equal to each 
other. This is always the case when O H 
passes through the centre of gravity of 
the cross section, and thus it follows 
that those points which are neither 
compressed nor distended are always 
ranged in a straight line drawn through the centre of gravit}* 
of the cross section. 



Fig. 4. 
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Rtrength of The position of the fulcrum of the lever being now known, direction, but is the resultant of two forces, 2 IK' * d!c in Stnnirt^ of 

Materi^t. ^^ ^an proceed to ascerUin the effects of the various forces, the du*ection OG, and 2 * IK * IL • cKt in the direction OH. Mator itis. 

Returning, for the sake of simplicity, to the rectangular For the present we shall call tlK*dt the sHffnett in the 

beam; the sum of the repulsions tl will be represented by direcHan OG, and S* lUds of course the stifihess in the 

the triangle G/T* : but the rectangle under GF and Ff direction OH. The sum of these two stiffitiesses is mani- 

would measure the entire strength of the under half of the festly 2 * OPdIf, which is a constant quantity, depending not 

beam, and therefore the force actually exerted when the atalluponthedirectionsofOG, OH,butonlyon theformof 

beam b about to be broken across, is just half of the abso- the cross section: hence follows the remarkable law, Uiat the 

lute strength of the beam ; one quarter being exhibited as sum of the stiffnesses of a beam in two directions perpendi- 

attraction, another quarter as repulsion. These forces act cular to each other is constant ; and that therefore, what* 

at different distances from the fulcrum G, and it is well ever may be the form of the beam, its directions of greatest 

known that the influence of a number of weights in turning and least stiffness are always perpendicular to each other, 
a lever round is the same as if aU these weights were to act For the purpose of discovering in what directions the 

at their common centre of gravity ; so that to find the en« greatest and least stifiness lie, let us refer all the points in 

tire action in this case, we have to suppose one fourth of the the cross section to the axes OX and O Y, putting the angle 

whole strength of the beam to act at the distance f of GF XOG = f. We have then IK = « cos. f + y sin. f , 

or ^ of £F m>m the fulcrum G, and another quarter of the IL = — x sin. p + y cos. f ; and thus the tendency of the 

strength at } of GE. Now, if « be the strength of one beam to redress itself in the direction GO is 2 * (x cos. 

square inch of the beam, and if D, B, and L be its depth, p + y sin. fY d!t, while the deflecting tendency in the 

breadth, and length, measured in inches, DB# will be the direction HO is 2* (a; cos. p + y sin. f) ( — x sin. f + y 

absolute strength of the whole beam ; and therefore the cos. f ) ds. Regarding f as the variable quantity, and dif- 

tendencies of the above forces to straighten the beam will be ferentiating the former for the purpose of discovering its 

^ DB« X i D + ^ DBs X } D ; maximum, we obtain 2 * (x cos. f -f ^ sin. f ) ( — x sin. 

that is, J D« • B • #. And again, the tendency of the weight f + y cos. f ) A = ; now it will be observed that this 

W to bend the beam is WL ; so that expression is just that for the deflecting tendency, and 

4 D* • B • * = WL, hence this law, 
or 6L : D : : DB« : W ; That token a beam is beni in the direction of greatest or 

that VB^assix times the length of the beam is to its dopth^ so ofkaH stiffness^ the pressure to be applied is exactly in the 

is the absolute Urengthofthe beam to the weight which it can direction of the bending, 
carry at the free etuL "^he viJue of f may easily be found from the above 

Throughout this investigation we have supposed that the equation; the result is 
force needed to extend or compress a fibre b exactly pro* tan 2 © — ^ ^ ' ^^ ^ 

portional to the quantity of extension or compression. Thb ' ^ " 2a^ds -^ 'Sy^ds ' 

nypothesis, though not perhaps strictly true, and though it The lines OX and OY will coincide with the directions 

certainly errs when we approach to dislocation or fracture, of greatest and least stifiness when p =: 0, or when tan. 

is yet confirmed by all experiments when the extensions 2 f = 0, diat is, when 2*xy ds:^0. 
have been kept wiUiin the limits of safety : the results of If, then, the directions of greatest and least stifiness be 

thb hypothesb therefore are what must guide us in forming taken for the axes of x and of y, we shall have 2 ^ xy 

any structure. <i^ =r 0, 2 s^ds =: greatest stiffness = A, 2- yU =z least 

It may now be interesting to inquire into the strength of stifiness =: B. These being once known, the stifiness in 

a beam when bent in different directions. any other direction, as wdl as the deflecting tendency, 

£F being, as before, the cross secUon of an irregular can readily be obtained. Putting P and Q respectively for 

beam, let that beam be bent in the direction OG, the axis these quantities, we have 
of flexure being OH perpendicular to OG ; and let us con- P = A cos. f * + B sin. ^, 

sider the action of a small portion ds of the surface situated Q =r 4 (B — A) sin. 2 f. 

at I. Having drawn the perpendiculars IK and IL, it b The deflecting tendency is thus greatest when f == 45^, 

clear that the compression of the fibre I must be proper- that is, when the actual direction of flexure b equally inclined 

tional to KI ; and tnerefore the force exerted by it may be to tlie directions of greatest and least stiffness. In thb case 
denoted by C * IK * d!t, C bein^ some constant depending on P' =: ^ ( A -f B), Q = ^ (B i— A), 

the nature of the material and the degree of flexure. This Galileo, who was the first to investigate the law of 

force, conceived to act at the extremity of the lever KI, transverse strain, conceived the lower edge of the beam to 

will tend to bend the beam round the axb OH ; but again be the fulcrum, and each fibre to be exerting its whole 

acting at the end of the lever LI, it will tend to bend strength ; Professor Robison, in the former editions of thb 

the beam on OG as an axis. Putting 2 to denote the work, corrected the supposition m the case of rectangulai 

integral for the entire surface, 0*2* IKMs will be the beams : the above investigation extends it to beams of all 

entire tendency to rectify the form of the beam, and forms. 
C2lK'IL'd!f will be the entire tendency to take a flex- 
ure in a plane at right angles to that which it actually We must now remark, that thb correction of the Gali- 

has. A beam therefore wiU not bend in the direction in lean hypothesis of equal forces was stigeested by the bend« 

which the pressure b i^iplied to it unless 2* IK * ILdli = 0. ing which is observed in all bodies which are strained trans- 

Thb is a circumstance overlooked in all treatises on flex- versely. Because they are bent, the fibres on the convex 

ure ; but it b one that must be carefully attended to in side have been extended. We cannot say in what propor- 

practice. It may easily be illustrated thus : Take a thin tion this obtains in the different fibres. Our most dbtinct 

slip of wood, sudi perhaps as b used for Venetian blinds, notions of the internal equilibrium between the particles 

and fix it in a vice so that while its length b horizontal its render it highly probable that dieir extension b propor- 

flat sides may be inclined at a considerable angle. Attach tional to their distance from that fibre which retains its for- 

now a weiffht to the free end, and it will be found that mer dimensions. But by whatever law thb is regulated, 

that end does not descend vertically, but that it moves we see plainly that the actions of the stretched fibres must 

obliquely, the flexure not happening in that direction follow the proportions of some function of thb dbtance, 

in whicn the force b applied. The force necessary to and that therefore the relative strength of a beam b in all 

liend the beam in the plane of OG is not a force in that cases susceptible of mathematical determination. 
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Strength of We also see an intimate connection between the strain hypothesis of the proportionality of the extensions to the Streiiftk of 

Materials, ^j j ^g curvature. This suggested to the celebrated James extending forces : it follows from the extension in the dif- M»^g "a}a. 

nT^t^ Bernoulli the problem of the eiastic curve^ t. e. tlie curve ferent sections being as some similar ftmction of the £s- ^-^^'^"^^ 

probiem of ^"^ which an extensible rigid body will be bent by a trans- tance from the axis of fracture ; an assumption which cac- 

the elastic verse Strain. His solution in the Acta Erttditorum 1694 and not be refused. 

curve. 1695, is a very beautiful specimen of mathematical discus* This, then, is the fundamental property ofthe elastic curve, 

sion, and we recommend it to the perusal of the curious from which its equation, or relation between the abscissa 

reader. He will find it very perspicuously treated in the and ordinate, may be deduced in the usual forms, and all 

first volume of his works, published after his death, where its other geometrical properties. These are foreign to our 

the wide steps which he had taken in his investigation are purpose ; and we shall notice only such properties as have 

explained so as to be easily comprehended. His nephew, an immediate relation to the strain and strength of the dif- 

Daniel Bernoulli, has given an elegant abridgement in the ferent parts of a flexible body, and which in particular serve 

Petersburg Memoirs for 1729. The problem is too intricate to explain some difficulties in the valuable experiments of 

to be fully discussed in a work like ours, but it is also too in- Buffon on the Strength of Beams. 

timately connected with our present subiect to be entirely We observe, in the first place, that the elastic curve can- It it not ?. 
omitted. We must content ourselves with showing the lead- not be a circle, but is gradually more incurvated a^ it re-^ird^ 
ing mechanical properties of this curve, firom which the ma- cedes frtnn the point of application B of the straining forces, 
thematician may deduce all its geometrical properties. At B it has no curvature ; and if the bar were extended 
Its leading When a bar of uniform depth and breadth, and of a given beyond B there would be no curvature there. In like man- 
mechanical length, is bent into an arch of a circle, the extension ofthe ner, when a beam is supported at the ends and loaded in 
Sesm^Med. ^^^' fibres is proportional to the curvature ; for, because the middle, the curvature is greatest in the middle ; but at 
the curves formea by the inner and outer sides of the beam the props, or beyond them, if the beam extend farther, 
are similar, the circumferences are as the radii, and the there is no curvature. Therefore, when a beam projecting 
radius of the inner circle is to the difference of the radii as twenty feet from a wall is bent to a certain curvature at 
the length of the inner circumference is to the difference the wall by a weight suspended at the end, and a beam of 
of the circumferences. The difference of the radii is the the same size projecting twenty feet is bent to the very 
depth of the beam, the difference of the circumferences is same curvature at the wall by a greater weight at ten feet 
the extension of the outer fibres, and the inner drcum- distance, the figure and the meduinical state of the beam 
ference is supposed to be the primitive length of the beam, in the vicinity of the wall is different in these two cases, 
Now the second and third ouantities of the above analogy, though the curvatiu« at the very wall is the same in both, 
viz. the depth and length or the beam, are constant quan- In the first case every part of Uie beam is incurvated ; in 
titles, as is also their product. Therefore the product of the second, all beyond the ten feet is without curvature, 
the inner radius and the extension of the outer fibre is In the first experiment the curvature at the distance!^ five 
also a constant quantity, and the whole extension of the feet from the wall is three fourths of the curvature at the 
outer fibre is inversely as the radius of curvature, or is di- wall ; in the second, the curvature at the same place is but 
rectly as the curvature of the beam. one half of that at the wall. This must weaken the long 
The mathematical reader will readily see, that into what- beam in this whole interval of five feet, because the greater 
ever curve the elastic bar is bent, the whole extension of curvature is the result of a greater extension of the fibres, 
the outer fibre is equal to the length of a similar curve In the next place we nuiy remark, that there is a certain Every bcarr 
having the same proportion to the thickness of the beam determinate curvature for every beam, which cannot be ex- has a cer- 
that the length ofthe beam has to the radius of curvature, ceeded without breaking it; for there is a certain separa-^" ^^^^^' 
Now let ADCB (fig. 5) be such a rod of uniform breadth tion of two adjoining particles that puts an end to their co- ^^ ^^' 
and thickness, firmly fix- hesion. A fibre can therefore be extended only a certain 
ed in a vertical position, Fig. 5. proportion of its length. The ultimate extension of the 
and bent into a curve outer fibres must bear a certain determinaie proportion to 
AEFB by a weight W ^ ,^( "|S its length, and this proportion b the same with that of the 
suspended at B, and of ^ (^^ ^^° thickness(or what we have hitherto called the depth) to the 
such magnitude that the //^ ^ ladius of ultimate curvature, which is therefore determinate, 
extremity B has its tan- J f^ I A beam of uniform breadth and depth is therefore most And when 
gent perpendicular to the ~^r\ \-r\ (*) incurvated where the strain is greatest, and will break in?Ll^^""j 
action of the weight, or jzLZ zm the most incurvated part But by changing its form, so mJ^JJi" 
parallel to the horizon. '. tH.E-Z to make the strength of its different sections in the ratio of m^^t incur. 
Supposei too, that the ex- ~r~ ' the strain, it is evident that the curvature may be the same vated 
tensions are proportional to the extending forces. From any throughout, or may be made to vary according to any law. where th« 
two points £ ana F draw the horizontal ordinates EG, FH. It This is a remark worthy ofthe attention of the watchmaker. "^"Jli? 
is evident that the exterior fibres of the sections Ee and Yf The most delicate problem in practical mechanics is so^'^ 
are stretched by forces which are in the proportion of EG to to taper the balance-spring of a watch that its wide and 
FH (these being the long arms ofthe levers, and the equal narrow vibrations may be isochronous. Hookers principle 
thicbiesses Ee, F/'being the short arms). Therefore (by the ii^ temio no vit is not sufficient when we take the inertta 
hypothesis) their extensions are in the same proportion. But and motion of the spring itself into the account. The figure 
because the extensions are proportional to some similar func- into whidi it bends and unbends has also an influence. Our 
tions of the distance from the axes of fi-acture E and F, the readers will take notice that the artist alms at an accuracy 
extension of any fibre in the section E« is to the contem- which will not admit an error of qt^thiI^ ^"^^ ^^ ^^* 
poraneous extension of the similarly situated fibre in the rison and Arnold have actually attained it in several in- 
section F/^ as the extension of the exterior fibre in the sec- stances. The taper of a spring is at present a noatrum in the 
tion E« is to the extension of the exterior fibre in the sec- hands of each artist, and he is careful not to impart its secret 
tlon Vf: therefore the whole extension of Ee is to the whole Again, since the depth of the beam is thus proportional 
extension '^fFfas EG to FH, and EG is to FH as the cur- to the radius of ultimate curvature, this ultimate or break- 
vature in E to the curvature in F. ing curvature is inversely as the depth. It may be expressed 

Here let it be 'omarked, that this proportionality of the I 

curvature to the exten'^iou of the fibres is not limited to the ^y ^ 
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StrengUi of When a weight is hung on the end of a prismatic beam, tend to the laws of attraction and repulsion exerted by the Strength of 

MarenaU. the curvatureis nearly as the weight and the length di- particles of cohering bodies, discoverable by experiments : *^^"^ \ 

"*— """>^''*^ reedy, and as the breadth and the cube of the depth in- made on their actual extensions and compressions. The ^~*'' 

To what ^ experiments of simple extensions and compressions are quite 

the curva- y^g^\y . for the strength is =/-ST* Let us suppose that insufficient, because the total stretching of a wire is so small 

i^rtionaiT 1 * quantity, that the mistake of tlie 1 000th part of an inch 

this produces the ultimate curvature -y Now let the beam occasions an irregularity which deranges any progression 

^ so a^ to make it useless. But by the bending of bodies a 

be loaded with a snuiller weight 10, and let the curvature distention of yjhrth of an inch may be easily magni6ed in 

1 J. i-i 1. ^v I z"^. ^ . n -«^ the ddflection of the spring ten thousand times. We know 

produced be C; we have this analogy,/-g^ : ti» -. g : C, and ^^^ ^^ investigation is intricate and difficult, but not be- 

5/iiy yond the reach of our present mathematical attainments ; 

C = ^«^. It is evident that this is also true of a beam ^^ j^ ^H ^^^ ^^^y gn^ opportunities of employing all die 

. J . .1. J ji jju^ *u ..^.w.. •»<! address of analysis. In the 17th century and the beginning 

supported at die ends and loaded betweendve prop^ ; and ^^ ^^ ,3^^ ^j^/ ^^ ^ ^^^^^ excitement to the Irst gl 

we see how to detmune die oirvatare »n;f ^^jj^^^^ niuses of Europe. The cycloid, die catenaria, die elastic 

whedier artsmg from die load, or from lU own weight, or ^^^^ ^^ ^^, JC^ ^^^ ^J^^ ^^^^ reckoned an abundant 

from both. 1 j j 4 *k« ^^a ^. ^iaa\^ ^ii^ recompense for much study ; and James Bernoulli request- 

Deflection. When a bami is dius loaded at die end ^ "'f ^le,^^^^ J^ honourable monument, diat die logaridimirspiral 

oaded point is P^Med down, and the »P*^fh'««f jJ^^J^ might be inscribed on his tombstone. The reward for*^die 

It IS drawn may be caUed Ae A/fe^^ This "^y bewn- ^^ ^ ^^.^ ^^ ^^^ ^^ ^ .^^^ ^^ madiemad- 

sidered as die subtense of die angle of contact, or as die > ^^ ^^^ unlimited extension of natural science, 



versed sine of the arch into which the beam is bent, and is 



.u r ^k * -.k tirr "^^?fi^.«.^^ important in every particular branch. To go no furdier 

dierefore as die ^^"^ ^^^.^^''^Y^^^ th^our present subject, a great deal of imp>rtant nracti- 

given (die flexure being moderate), and as the •qu«re c^ ^ knowlWge resperting thi strength of boTes is cfcrived 

the lengdi of die arch when die oirvature is pven. The ^^ ^^ ^^^^ obSwrvation, that in the moderate extensions 

deflection dierefore u as die curvature and as die square of ^^.^ ^^^ ^^^^ ^^ p^ ^^ overstrained, die forces 

the length of the arch joindy ; that is, as j^ X ^t or as are nearly in the proportion of the extensions or separadons 

/^ of the panicles. To return to our subject. 

?S- The deflection from die primitive shape is dierefore James BcmoulU, ui his second dissertation on the elastic BernouUi 

fbd^ ^ ^ curve, calls m question this law, and accommodates bis m- caiit in 

as the bending weight and the cube of the length direcdy, vestigstion to any hypothesis concerning the relation of the ^'^^ 

and as the br^th and cube of the depth inversely. forces and extensions. He relates some experiments of lute- ' 

In beams just ready to break, the curvature is as the strings where die relation was considerably different Strings 

depth inversely, and the deflection is as the square of the of tibree feet long, 

length dividea by the depth ; for the ultimate curvature at stretched by 2, 4, 6, 8, 10 pounds, 
the breaking part is the same whatever is the length ; and were lengthened 9, 17, 23, 27, SO lines, 
in this case the deflection is as the square of the length. But this is a most exceptionable form of the experiment. 
The theo- We have been the more particular in our consideration The strings were twisted, and the mechanism of the exten- 
rems result, of this Subject, because the resulting theorems afford us sions is here exceedingly complicated, combined with com- 
ing from the finest methods of examining the laws of corpuscular pressions and with transverse twists, &c. We made expe- 
^^^^*d X^ action, that is, for discovering die variation of the force of riments on fine slips of the gum caoutchouc, and on the juice 
finest me^ cohesion by a change of distance. It is true it is not the of the berries of the white bryony, of which a single grain 
thuds of ex- atomical law, or hylarMe principle as it may jusdy be will draw to a thread of two feet long, and asain return in- 
amining called, which is thus made accessible, but the specific law to a perfecdv round sphere. We measured the diameter 
the laws of ^f the particles of the substance or kind of matter under of the thresd by a microscope with a micrometer, and thus 
^tf^n^"^^ examination. But even this is a very great point ; and 00- could tell in every state of extension the proportional num- 
incidences in this respect among the aifferent kinds of mat- ber of particles in the sections. We found, that through 
ter are of great moment. We may thus learn the nature die whole range in which the distance of the particles was 
of the corpuscular action of different substances, and per- changed in the proportion of thirteen to one, the extensions 
haps approach to a discovery of the mechanism of chemical did not sensibfy deviate from the proportion of the forces, 
affinities. For that chemical actions are insensible cases of The same thing was observed m the caoutchouc as long as 
local motion is undeniable, and local motion is the province it perfecdy recovered its first dimensions. . And it is on the 
of mechanical discussion; nay, we see that these hidden authority ofthese experiments that we presume to announce 
changes are produced by mechanical forces in many im- this as a law of nature. 

portant cases, for we see them promoted or prevented by Dr Robert Hooke was undoubtedly the first who attend- which wa$ 

means purely mechanical. The conversion of bodies into ed to this subject, and assumed this as a law of nature, fint aMum 

elastic viqpour by heat can at all times be prevented by a Mariotte indeed was the first who expressly used it for de- ^ iF^ 

ftt^leim/ external pressure. A strong solution of Glauber's termining the strength of bcasms : this he did about the year ^ 

salts will congeal in an instant by agitation, giving out its 1679, correcting the simple theory of Galilea Leibnits, 

latent heat ; and it will remain fluid for ever, and retain its indeed, in his cussertation in the Ada ErudUorum 1684, 

latent heat in a dose vessel which it completely fills. Even De Retiiteniia Solidorumy introduces this consideration, and 

water will by such treatment freeze in an instant by agita- wishes to be considered as the discoverer ; and he is always 

tion, or remain fluid for ever by confinement. We know acknowledged as such by the BemouUis, and others who ad- 

that heat is produced or extricated by friction, that certain hered to his peculiar doctrines. But Mariotte had published 

compounds of gold or silver with saline matters explode the doctrine in the most express terms long before ; and 

with irreustible violence by the smallest pressure or agita- Bulfinger, in the Comment Pe&apoL 1729, completely vin- 

tion. Such facts should rouse the mathematical philoso- dicates his claim. But Hooke was unquestionably the 

pher, and excite him to follow out the conjectures of the discoverer of this law. Itmadetiie foundation of his theory 
illustrious Newton, encouraged by the ingenious attempts of of springs, announced to the Royal Society about the >'ear 

Boscovich ; and the proper beginning or this study is to at* 166 1» and read in 1666. On this occasion he mentions 
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Though 
corrected 
bv Mali- 



•train. 



Strength of many things on the strength of bodies as quite familiar to 
M^ cTali. h^ thoughts, which are immediate deductions from this prin- 
^"^^'"^^ ciple ; and among these all the facts which John Bernoulli 
so vauntingly adduces in support of Leibnitz's finical dog- 
mas about the force of bodies in motion ; a doctrine whidi 
Hooke might have claimed as his own, had he not perceived 
its frivolous inanity. 

But even with this first correction of Mariotte, the me- 
chanism of transverse strain is not fully nor justly explain- 
. . ed. The force acting in the direction BW (fig 8), and 
JJJ,tp*of^! bending the body ABCD, not only stretches the fibres on 
ly explain the side opposite to the axis of fracture, but compresses the 
the mecha. side CD, which becomes concave by the strain. Indeed it 
nism of cannot do the one without doing the other ; for, in order 
tranf verse ^ stretch the fibres at D, there must be some fulcrum, some 
support, on which the virtual lever BAD may press, that it 
may tear asunder the stretched fibres. This fulcrum must 
sustain both the pressure arising from the cohesion of the 
distended fibres, and also the action of the external force, 
which immediately tends to cause the prominent part of the 
beam to slide along the section £F. 

This is fully verified by experiment. If we attempt to 
break a long slip of cork, or any such very compressible 
body, we always observe it to bulge out on the concave side 
before it cracks on the other side. If it is a body of fibrous 
or foliated texture, it seldom fails splintering off on the con- 
cave side; and in many cases this splintering is very deep, 
even reaching half way through the piece. In hard and 
granulated b^es, such as a piece of freestone* chalk, dry 
clay, sugar, and the like, we generally see a considerable 
splinter or shiver fly off from the hollow side. If the frac- 
ture be slowly made by a force at B gradually augmented, 
the formation of the splinter is very distinctly seen. It 
forms a triangular piece, which generally brides in the 
middle. 
CoDfequerw Let US see what consequences result from this state of 
ceil result the case respecting the strength of bodies. Let DaKC 
th'^ ^? (fig* 6) represent a vertical section of a prism of compres- 
of the ca«e. Fig. 6. 



as 18 full V 
verified by 
experi- 
ment 




sible materials, such as a piece of timber. Suppose it load- 
ed with a weight P hung at its extremity. Suppose it of 
such a constitution that all the fibres in AD are in a state 
of dilatation, while those in A A are in a state of compres- 
In the instant of fracture the particles at D and E 



Bion. 



are withheld by forces Dc/, Ee, and the particles at A and 
F repel, resist, or support, with forces Ad, Ff. 

Some line, such as deAt^ will limit all these ordinates, 
which represent the forces actually exerted in the instant of 
fracture. If the forces be as the extensions and compres- 
sions, as we have great reason to believe, deA and Aid will 
be two straight lines, lliey will form one straight line dAb, 
if the forces which resist a certain dilatation are equal to 
the forces which resist an equal compression. But this is 



quite accidental, and is not strict ) true in any body. In Streagtlof 
most bodies which have any considerable firmness, the com- jM^g "*^ 
pressions made by any external force are not so great as the ^"v^*^ 
dilatations which the same force would produce ; that is, 
the repulsions which are excited by any supposed degree 
of compression are greater than the attractions excited by 
the same degree of dilatation. Hence it will generally fol- 
low, that the angle dAD is less than the angle dAA, and 
the ordinates Dd, Ee^ &c are less than the corresponding 
ordinates Ad, Ei, &c. 

But whatever be the nature of the line c/Ad, we are cer- An impor- 
tain of this, that the whole area ADd is equal to the whole ^"^ ^"^ 
area A Ad ; for as the force at B is gradually increased* and ^^^i^^ 
the parts between A and D are more extended, and greater pressibilitj 
cohesive forces are excited, there is always such a degree of body 
of repulsive forces excited in the particles between A and fuUy prov- 
A that the one set precisely balances the other. The force ^ 
at B, acting perpendicularly to AB, has no tendency to 
push the whole piece closer on the part next the wall, or 
to pull it away, llie sum of the attractive and repulsive 
forces actually excited must therefore be equal. These sums 
are represented by tlie two triangular areas, which are th^e- 
fore equal. 

The greater we suppose the repulsive forces correspond- 
ing to any degree of compression, in comparison wiui the 
attractive forces corresponding to the same d^ree of ex- 
tension, the smaller will Aa be in comparison of AD. In 
a piece of cork or sponge, AA may chance to be equal to 
AD, or even to exceed it ; but in a piece of marble, AA 
will perhaps be very small in com]uuison of AD. 

Now it is evident that the repulsive forces excited be- 
tween A and A have no share in preventing the fracture. 
They rather contribute to it, by furnishing a fulcrum to the 
lever by whose energy the cohesion of the particles in AD 
is overcome. Hence we see an important consequence of 
the compressibility of the body. Its power of resisting this 
transverse strain is diminished by it, and so much the more 
diminished as the stuff is more compressible. 

lliis is fully verified by some very curious experiments 
made by Duhamel. He took sixteen bars of willow two 
feet long an^ half an inch square, and supporting them by 
prop under Uie ends, he broke them by weights hung on the 
roiadle. He broke four of them by weights of 40, 41, 47, 
and 52 pounds : the mean is 45. He then cut four of them 
one thira through on the upper side, and filled up the cut 
with a thin piece of harder wood stuck in pretty tight. These 
were broken by 48, 54, 50, and 52 pounds ; the mean of 
which is 51. He cut otlier four half through, and they 
were broken by 47, 49, 50, 46 ; the mean of which is 48. 
The remaining four were cut two thirds, and their mean 
strength was 42. 

Another set of his experiments is still more remaricable. 

Six battens of willow thirty-six inches long and one and 
a half square were broken by 525 pounds at a medium. 

Six bars were cut one third through, and the cut filled 
with a wedge of hard wood stuck in with a little force: these 
broke with 551. 

Six bars were cut half through, and the cut was filled 
in the same manner : they broke with 542. 

Six bars were cut three fourths through : these broke 
with 5S0. 

A batten cut three fourths through, and loaded till near- 
ly broken, was unloaded, and the wedge taken out of the 
cut. A thicker wedge was put in tight, so as to make the 
batten straight again by filling up the space left by the com- 
pression of the wood : this batten broke with 577 pounds. 

From this it is plain that more than two thircb of the 
thickness (perhaps nearly three fourths) contributed nothing 
to the strength. 

The point A is the centre of fracture in this case ; and 
in order to estimate the strength of the piece, we may sut>- 
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Str«ngtk of po«e that the crooked lever virtually concerned in the strain lity, which does not diminish the cohesion of a single fibre, Strength ol 

^lateri^s. jg DAB. We must find the point I, which is the centre of should impair the strength of the whole. The reason, how- Material. 

^^ ' ^ effort of all the attractive forces, or that point where the ever, is sufficiently convincing when pointed out. In the ~ 

full cohesion of AD must be applied, so as to have a mo- instant of fracture, a smaller portion of the section is actually 

mentum equal to the accumulated momenta of all the exerting cohesive forces, while a part of it is only serving 

variable forces. We must in like manner find the centre as a fulcrum to the lever by whose means the strain on the 

of efibrt t of the repulsive or supporting forces exerted by section is produced. We see, too, that this diminution of 

the fibres lying between A and A. strength does not so much depend on the sensible com- 

It is plain, and the remark is important, that this last pressibility, as on its proportion to the dilatability by equal 

centre of efibrt is the real fulcrum of the lever, although A forces. When this proportion is small, A A is small in com- 

is the point where there is neither extension nor contrac- parison of AD, and a greater portion of the whole fibre is 

tion ; for the lever is supported in the same manner as if exerting attractive forces. The experiments already men- 

the repulsioiis of the whole line AA were exerted at that tioned, of Duhamel de Monceau, on battens of willow, 

point. Therefore let S represent the surface of fracture show that its compressibility is nearly equal to its dilatabi- 

from A to D, and f represent the absolute cohesion of a lity. But the case is not very different in tempered steel, 

fibre at D in the instant of fracture. We shall have The famous Harrison, in the delicate experiments which 

/Sxr+7 = p4 or/:I + t=/S:fi; that is, the length ^e made while occupied in making his longitude watch, 

AB is to the distance between the two centres of effort I discovered that a rod of tempered steel was nearly as much 

and t, as the absolute cohesion of the section between A dimmished m its length as it was augmented by the same 

and D is to the relative strength of the section. external force. But it is not by any means certain that 

It would be perhaps more accurate to make AI and At this is the proportion of dilatation and compr^ion which 

equal to the distances of A from the horizontal lines passing obtains m the very instant of fracture. We rather imagme 

through the centres of gravity of Uie triangles of rfAD an4 ^^^^ it is not The forces are nearly as the dilataUons tdl 

MA. It is only in this construction that the points I and very near breaking ; but we think that they dimmish when 

t are the centres of real effort of the accumulated attrac- the body is rust going to break. But it seems certain that 

tions and repulsions. But I and t, determined as we have the forces which resist compression increase faster than the 

done, are the points where the full equal actions may be compressions, even before firacture. We know mcontes- 

all applied, so L to produce the same momenta. The final tably that the uluraate resistances to compression are in- 

resiJts are the same in both cases. The attentive and duly superable by any force which we can employ. The repul- 

informed reader wUl see that Mr Bulfinger, in a very elabo- «ve forces, therefore, m their whole extent, increase faster 

rate dissertation on the strength of beams, in the CammenL than the compressions, and are exprewed bv an assymp- 

PHnmolitan. 1729, lias committed several mistakes in his totjc branch of the Boscovician curve formeriy explained, 

estimation of the actions of the fibres. We mention this It is therefore probable, especially m the more simple sub- 

because his reasonings are quoted and appealed to as au- stances, Uiat they increase faster, even m such compres- 

thorities by Muschenbroeck and other authors of note. The ^^ns ^ frequently obtwn m the breaking of hard bodies, 

subject has been considered by many authors on the con- We are disposed to think that this is always the case in 

tinent. We recommend to the reader's perusal the very 8"ch bodies as do not fly off m solinters on the concave 

minute discussions in the Memoirs of the Academy of »"*e; but this must be understood with the exception of 

Paris for 1702 by Varignon, the Memoirs for 1708 by Pa- the permanent changes which may be made by compres- 

rent, and particularly that of Coulomb in the M6m. par Us «on when tiie bodies are crippled by it. This always in- 

S^avam Eirangers, tom. vii. crei«^ the compression itself, and causes the neutral pomt 

It is evident from what has been said above, that if S and to shift sUll more towards D. The effect of tins is some- 

M represent Uie surfaces of the sections above and below A, times very great and fatal. . _.. 

and if G and g are Uie distances of tiieir centres of gra- ^ Experiment alone can help us to discover the proportion 

vity from A, and O and o the distances of their centres of between the dilatabihty and compressibility of bodies. The 

oscillation, and D and rf tiieir whole deptiis, tiie momentum strain now under considemtion seems tiie best «Jcuhited 

fc,(^,r\ f. . for this research. Thus if we find that a piece of wood an 

of cohesion will be- ^ \y = -^*'^'^ =zpL inch square reouires 12,000 pounds to tear it asunder by a 

^ ^ direct pull, and that 200 pounds will break it transversely 

If, as is most likely, the forces are proportional to the by acting 10 inches from the section of fracture, we must 

extensions and compressions, the distances AI and At, conclude that the neutral point A is in the middle of the 

,., ., G'O ^g*o ., depth, and that the attractive and repulsive forces are equal. 

which are respectively = -jj- and ^, are respectively ^^y notions tiiat we can form of the constitution of such 

iTkA jiaa 11. ^1 . ^i. irvA fibrous bodies as timber, make us imagine that the sensible 

s t DA and I AA, and when taken together are = t DA. . . • j. ^ u » --:-^ aI?^ ♦»,-» u^^ai^^ ..•* **r 

If moreover the extensions are eaiml tn the comnr^siona compressions, including what anses fit)m tiie bendmg up of 

It, moreover, tne extensions are wual to the compressions y^ Compressed fibres, is much greater tiian tiie real cor- 

in the mstant of fracture, and the body is a rectangular "^ wi*n/ic«w?% i/ ^b, * ^» . ^«^— i ^^^^i^^ 

«,^««% 1:1,^ . /^»i««w>n ;^:o*\- K«-«, ^u^JvkA. ^r^A A A -..^ puscular extensions. One may get a general conviction 

pnsm like a common joist or beam, then LiA and AA are *^- ^, . ^ j -^ ^'t,i^^ u r^^a^JZi^^ «,* »k.* »«»«• 

Sso equl; and thei. the .omentum of cohesion i. f^-'i^^u^J^ff ^AJ^IafibrT^oS 

f^Xidxid -zA^ z:ifbdx\d — pL Hence we ^ o™'^ straight, and tiien tiie corpuscular extension be- 

fi gins ; but it may be bent up by compression to any decree, 

obtain this analogy: ^ six times the length is to the depth the corpuscular compression being littie affected all the 

as the absolute cohesion of the section is to its relative while. This observation is very important; and though 

strength." the forces of corpuscular repulsion may be almost insupe - 

Tliis con- Thus we see that the compressibility of bodies has a rable by any compression that we can employ, a sensible 

Fcrqueiit e ^^ great influence on their power of withstanding a trans- compression may be produced by forces not enormous, suf- 

? Uifwd.**' \®f*® strain. We see that in this most favourable suppo- ficient to cripple the beam. Of this we shall see very im- 

sition of equal dilatations and compressions, the strength is portant instances afterwards. 

reduced to one half of the value or what it would have been It deserves to be noticed, that although the relative 

bad the body been incompressible. This is by no means strength of a prismatic solid is extremely different in the 

obriuus ; for it does not readily appear how compressibi* three hypotheses now considered, yet the proportional 

2 o 
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i^' 



the 
ratio 



Strength of strengths of different pieces follow the same ratio, namely, 
-^^v!* ^^® direct ratio of the breadth, the direct ratio of the square 
iji^^'^J^ of the depth, and the inverse ratio of the length. In the 
portional ^^^ hypothecs (of equal forces) the strength of a rectangu- 

ofdi^rent ^ ^*™ ^ 'W ' *° *^® 8Ccond (of attractive forces pro- 

portioned to the extensions) it was'—j- ; and in the third 
(equal attractions and repulsions proportional to the exten- 
sions and compressions) it ^^^^'^ -^f ^^ more generally '^ — j , 

where m expresses the unknown proportion between the at- 
tractions and repulsions corresponding to an equal exten- 
sion and compression. 
The Hence we derive a piece of useful information, which is 

itrength of eoafirmed by unexceptionable experience, that the strength 
* P^^j?^^ of a piece depends chiefly on its depUi, U: 

ly onitt 
depth; 



the first hypothesis, it is evident that the strength of the^tren^hd 
tube will be to that of the solid cylinder, whose radius is Maten»u. 
BD, asBD'xACto BD>XBD; that is, as AC to BD ; 
for BD* expresses the cohesion of the nng of the circle, 
and AC and BD are equal to distances of the centres of 
effort (the same with the centres of gravity) of the ring and 
circle from the axis of the fracture. 

The proportion of these strengths will be different in the 
other hypothesis, and is not easily expressed by a general 
formula; but in both it is still more in favour of the ring or 
hollow tube. 

The following very simple solution will be readily under- 
stood by the intelligent reader. Let O be the centre of 
oscillation of the exterior circle, o the centre of oscillation 
of the inner circle^ and w the centre of oscillation of the 
ring included between them. Let M be the quantity of 
surface of the exterior circle, m that of the inner drde, and 
/» that of the ring. 



and there- 
fore a 
choice in 
the man- 
ner in 



that is, on that di- 
mension which is in the direction of the strain. A bar of 
timber of one inch in breadth and two inches in depth is 
four times as strong as a bar only one inch deep» and it 

is twice as strong as a bar two inches broad and one deep ; / v P 

thatis,ajoistorleverisalwaysstrongestwhenlaidoniUedge. the strength of the ring =- ^ ^ ^ , and the strength of 
There is therefore a choice in the manner in which the 



^ , _ MFO— m-Fo 5 FC« + EC* ^ 
We have Fir z= ^ 1-^ 1 and 



4FC 



2 



cohesion is opposed to the strain. The general aim must 

be to put the centre of effort I as far from the fulcrum or 

the neutral point A as possible, so as to give the greatest 

which the energy or momentum to the cohesion. Thus if a triangular 

cohesion ii bar projecting from a wall is loaded with a weight at its ex- 

t£^^t^' ^^ ^remity, it wul bear thrice as much when one of the sides is 

• rain. upp^n^Qg^ ng ^hen it is undermost. 

The strong- Hence it follows that the strongest joist that can be cut 
not^the ^^"* of a round tree is not the one which has the greatest 
greatest <iuantity of timber in it, but such that the product of its 
quantity of breadth by the square of its depth shall be the greatest pos- 



Fig. 7. 




timber.' sible. I«t ABCD (fig. 7) be the sec- 
tion of this joist inscribed in the circle, 
A B being the breadth and AD the depth. 
Since it is a rectangular section, the di- 
agonal BD is a diameter of the circle^ 
and BAD is a right-angled triangle. 
Let BD be called a, and BA be caDed 

X s then AD = V a* — a^. Now we must 

have AB • AD^ or x {n* — a^), or 

a^x — a:', a minimum ; its differential (a* — So:*) dx must be 

a* 
0, or a* =: So^, or a^zz-^* If therefore we make DE = ^ 

DB, and draw EC perpendicular to BD, it will cut the cir- 
cumference in the point C, which determines the depth BC 
and the breadth CD. 

Because BD : BC =: CD : CE, we have the area of the 
section BC-CD = BD*C£. Therefore the different sections 
having the same diagonal BD, are proportional to their 
heights CE. Therefmre the section BCDA is less than the 
section Be Do, whose four sides are equal. The joist so 
sh^ed, therefore, is stronger, lighter, and cheaper. 

The strength of ABCD is to that of a Be D as 10,000 to 
9186, and the weight and expense as 10,000 to 10,607 ; so 

th^T/o- ^^ ABCD is preferable to a B c D, in the proportion of 

lid rod con- 10,607 to 9186, or nearly 1 15 to lOa 

taining the From the same principles it follows that a hollow tube is 

same auan- stronger than a solid rod containing the 

to^y of mat- ^^^^ quantity of matter. Let fig. 8 re- 
present the section of a cylindric tube, 
of which AF and BE are the exterior 
and interior diameters, and C the centre. 
Draw BD perpendicular to BC, and join 

DC. Then, because BD« = CD«_CB« 
BD is the radius of a cirde containing 
the same quantity of matter with the 
ring. If we estimate the strength by 



A hollow 
tube 



ter. 



Fig. a 




the same Quantity of matter in the form of a solid cyUnder 
is/ya X f BD ; so tliat the strength of the ring is to that of 
the solid rod o^ equal weight as P w to I BD, or nearly as 
FC to BD. This will eanly appear by recollecting that FO is 

= -r^^ — (see Rotation), and that the momentum of 

. . . ym-FCC o ym-Fo-^ . . . , - 

cohesion is - — ^ „^ — =-— s — ">r the mner circle^ Ac 

2 FC 2 

Emerson has given a very inaccurate approximation to 
this value in his Mechanics, 4to« 

This property of hollow tubes is accompanied also with'"/] ^^^ 
greater stimiess ; and the superiority in strength and stiff- ^^^' 
ness is so much the greater as the surrounding shell is thin- 
ner in proportion to its diameter. 

Here we see the admirable wisdom of the Author of na- Hence the 
ture in forming the bones of animal limbs hollow. The wisdom of 
bones of the arms and legs have to perform the office ofp^>" ^^ 
levers, and are thus opposed to very great transverse strains. ^^t>.i^ 
By this form they become incomparably stronger and stiff- hoUoi?. 
er, and give more room for the msertion of muscles, while 
they are lighter and therefore more agile ; and the same 
wisdom has made use of this hollow for other valuable pur- 
poses of the animal economy. In like manner the quills in 
the wings of birds acquire by their thinness the very great 
strength which is necessary, while they are so light as to 
give sufficient buoyancy to the animal in the rare medium 
in which it must live and fly about. The stalks of many 
plants, such as all the grasses, and many reedsi are in like 
manner hollow, and thus possess an extraordinary strength. 
Our best engineers now begin to imitate nature by making 
many parts of their machines hollow, such as their axles of 
cast iron, &c. ; and the ingenious Mr Ramsden made the 
axes and framings of his great astronomical instruments in 
the same manner. 

In the supposition of homogeneous texture, it is plain 
that the fracture happens as soon as the particles at D are 
separated beyond their utmost limit of cohesion. This is 
a determined quantity, and the piece bends till this de 
gree of extension is produced in the uttermost fibre. It 
follows, that the smaller we suppose the distance between 
A and D, the greater will be tne curvature wfaidi the beam 
will acquire before it breaks. Greater depth therefore 
makes a beam not only stronger, but also stiffer. But if 
the paraUd fibres can slide on each other, both the strength 
and the stifihcss will be diminished. Therefore, if, instead 
of one beam DaKC (fig. 6), we suppose two, DABC and 
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Fig. 9. 





Strength of AaKB, not cohering, each of them will bend, and the ex- 
Alatemli. tension of the fibres AB of the under beam will not hinder 
„ v^*' the compressioD of Uie adjoining fibres AB of the upper 
Htrong^ beam. The two together therefore will not be more than 
compound twice as strong as one of them (supposing DA = Aa), in- 
oeam may stead of being four times as strong; and they will bend as 
t>e formeU. much as either of them alone wou^d bend by half the load. 
This may be prevented, if it were possible to unite the two 
oeams all along the seam AB, so that the one shall not 
slide on the other. This may be done in small works by 
gluing them together with a cement as strong as the na- 
tural lateral cohesion of the fibres. If this cannot be done 
(as it cannot in large works), the sliding is prevented by 
joggling the beams together, that is, by cutting down seve- 
ral rectangular notches in the upper side of the lower beam, 
and making similar notches in the under side of the upper 
beam, and filling up the square spaces with pieces of very 
hard wood firmly driven in, as represented in fig. 9. Some 
employ iron bolts by way of 
joggles. But when the jog- 
gle is much harder than the 
wood into which it is driven, 
it is very apt to work loose, 
by widening the hole into 
which it is lodged. The same thing is sometimes done by 
scarphing the one upon the other, as represented in fig. 10 ; but 
this wastes more timber, and 
is not so strong, because the Fig. 10. 

mutual hooks which this me- 
thod form on each beam are 
very apt to tear each other 
up. By one or other of these 
methods^ or something similar, may a compound beam be 
formed, of any depth, which will be almost as stiff and 
strong as an entire piece. 

On the other hand, we may combine strength with pli- 
ableness, by composing our beam of several thin planks 
laid on each other, till Uiey make a proper depth, and leav* 
ing them at full liberty to slide on each other. It is in this 
manner that coach-springs are formed, as is represented in 
fig. 11. In this assemblage there mu^>t be no joggles nor 
bolts of any kind put through 
the planks or plates, for this Fig. i 1. 

would hinder their mutual 

sliding. They must be kept ■ 

together by straps which sur- i — ' 

round them« or by something 
equivalent* 

The preceding observations show the propriety of some 
maxims of construction^ which the artists nave derived from 
long experience. 

Thus, if a mortise is to be cut out of a piece which is ex- 
posed to a cross strain, it should be cut out firom that side 
which becomes concave by the strain. 

If a piece is to be strengthened by the addition of another, 
the adaed piece must be joined to the side which grows con- 
vex by the strain. 

Before we proceed any fiuther, it will be convenient to re* 
call the reader's attention to the analogy between the strain 
on a beam projecting firom a wall and loaded at the extremity, 
and a beam supported at both ends and loaded in some 
intermediate point. It is sufficient on this occasion to 
read attentively what is delivered in the article Roof. 
We learn there that the strain on the middle point C (fig. 
16 of the present article) of a rectangular beam AB, sup- 
ported on props at A and B, is the same as if the part CA 
projected from a wall, and were loaded with the half of the 
weight W suspended at A. The momentum of the strain 

is diereforeiWxi \B=i W x iAB=/ii/,or £^. The 
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momentum of cohesion must be equai to this in every hy- Strength of 
pothesis. Mrterials. 

Having now considered in sufficient detail the circum- " ~'~ ^ "^ 
stances which affect the strength of any section of a solid 
body that is strained transversely, it is necessary to take 
notice of some of the chief modifications of the strain itself. 
We shall consider only those that occur most frequentiy in 
our constructions. 

The strain depends on the external fbrce, and also on the 
lever by which it acts. 

It is evldenUy of importance, that since the strain is ex- xhe strain 
erted in any section by means of the cohesion of the parts depends on 
intervening between the section under consideration and the exter- 
tiie point of application of the external force, the body ^^ ^^^^^ 
must be able in all these intervening parts to propagate or 
excite the strain in the remote section. In every part it 
must be able to resist the strain excited in that part. It 
should therefore be equally strong; and it is useless to have 
any part stronger, because the piece will nevertheless break 
where it is not stronger throughout ; and it is useless to 
make it stronger (relatively to its strain) in any part, fbr it 
will nevertheless equally &il in the part that is too weak. 

Suppose, then, in the first place, that the strain arises 
from a weight suspended at one extremity, while the other 
end is firmly fixed in a walL Supposing also the cross sec- 
tions to be all rectangular, there are several ways of shap« 
ing the beam so that it shall be equally strong tiiroughout. 
Inus it may be equally deep in every part, the upper and 
under surfaces being horizontal planes. The condition will 
be fulfilled by making all the horizontal sections triangles, 
as in fig. 12. The two sides 
are vertical planes, meeting Fig. 12. 

in an edge at the extremity 
L. For the equation ex- 
pressing the balance of strain 
and strength is plzzfbdP. 
Therefore, since dP^ is the 
same throughout, and also d, 
we must have/6 = A and 6 
(the breadth AD of any sec- ( 
tion A BCD) must be propor- 
tional to / (or AL), which it evidenUy is. 

Or, if the beam be of uniform breaath, we must have d* 
everywhere proportional to /• This will be obtained by 
making the depths the ordinates of a common parabola, of 
which L is the vertex and the length is the axis. The 
upper or under side may be a straight line, as in fig. 13, or 
the middle line may be straight, 
and then both upper and under Fig. IS. 

sur&ces will be curved. It is 
almost indifferent what is the 
shape of the upper and under 
surfaces, provided the distances 
between them in every part be 
at the ordinates of a common 
parabola. 

Or, if the sections are all similar, such as ciraes, souares, 
or any other similar polygons, we must have d^ or r pro- 
portional to Ij and the depths or breadths must be as the or- 
dinates of a cubical parabola. 

It is evident that these are also the proper forms for a and on the 
lever moveable round a fulcrum, and acted on by a force at form •! tht 
tiie extremity. The fi)rce comes in the place of the weight ^« Jf " hy 
suspended in the cases ahready considered; and as >uc^!!^||^ 
levers always are connected with another arm, we readily 
see that both arms should be fashioned in the same manner. 
Thus in ^g. 12 the piece of timber may be supposed a 
kind of steelyard, moveable round a horizontal axis in the 
front of the wall, and having the two weights P and w 
in eouilibrio. The strain occasioned by each at the section 
in wnich the axis OP is placed must be the same, and each 
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Strengtii of arm OL and 0> must be equally strong in all its parts, (fig. U) is supported at the ends, and a weight is laid on any Strength of 

--^^1"^'- '^^^ longitudinal sections of each arm must be a triangle, point P, a strain is excited Mat«nai. 

^^~ a common parabola, or a cubic parabola, according to the in every part of the beam. Fig. 14. 

conditions previously given. The load on P causes the 

And, moreover, aJl these forms are equally strong ; for beam to press on A and B, 

any one of them is equally strong in all its parts, and they and the pro|)8 redact with 

are all supposed to have the same section at the front of forces equal and opposite to 

the wall or at the fulcrum. They are not, however, equally these pressures. The load at P is to the pressures at A and 
stiff. The first, represented in fig. 12, will bend least upon B as A B to PB and PA, and the pressure at A is to that at 
the whole, and the one formed by the cubic parabola will B as BP to PA ; the beam therefore is in the same states 
bend most. But their curvature at the very fulcrum will with respect to strain in every part of it, as if it were rest- 
be the same in all. ing on a prop at P, and were loaded at the ends with 

It is also plain, that if the lever is of the second or third weights equal to the two pressures on the props : and ob* 

kind, that is, having the fulcrum at one extremity, it must serve, these pressures are such as will balance each other, 

still be of the same shape ; for in abstract mechanics it is being inversely as their distances from P. Let P repre- 

indifferent which of the three points is considered as tlie sent the weight or load at P. The pressure on the prop P 
axis of motion. In every lever the two forces at the ex- p^ 

tremities act in one direction, and the force in the middle """S^ be P X jg. Thb is therefore the re-action of the prop 

acts in the opposite direction, and the great strain is always t> j • i. • i. i.< «. < i 

at that point. Therefore a lever such as fig. 12, moveable 2' ^.T " ^^^ "^^'^^^ c^ "^^ "^^ suppose suspended at 

round an axis passing horizontally through X, and acting ^' ^*!^" ^^ conceive the beam resting on a prop at P, and 

against an obstacle at OP, is equally able in all its parts to ca^^^g ^f balancmg weights at A and B. ^ ^ ^ , . 

resist the strains excited in those parts. ^ The stram occasioned at wiy other point C. by the load 

The same principles and the same construction will ap- ^ *^ ^' " ^® «^« "^'^ ^^ ^^"^^ »^ C» ^y ^« "^^'S^^ 

ply to beams, such as joists, support^ at the ends L and X p x ^^ hanging at B, when the beam rests on P, in the 

(fig. 12), and loaded at some intermediate part OP. This AB e e > » 

will appear evident by merely inverting tfie directions of manner now supposed ; and it is the same if the beam, in- 

the forces at these three points, or by recurring to tlie ar- stead of being balanced on a prop at P, had iU part AP 

tide Roof. fixed in a waff. This is evident. Now we have shown at 

Tbe ezter- Hitherto we have supposed the external straining force p^ 

nal strain- ng acting only in one point of the beam. But it may be length that the strain at C, by the weight Px-j^ hanging 

jJJ^'^^j^ uniformly distributed all over the beam. To make a beam „ . ^" 

tributed ^" s'^ch circumstances eaually strong in all its parts, the at B, is P X -r^ X BC. We desire it to be particulariy re- 
over the shape must be considembly different from the former. ^^ 

beam. Thus suppose the beam to project from a wall. If it marked, that the pressure at A has no influence on the strain 

To make be of equal breadth throughout, its sides being vertical at C, arising from the action of any load between A and 

\ n" planes parallel to each other and to the length, the ver- C ; for it is indifferent how the part AP of thf projecting 

v^hich pro. ^^^ section in the direction of its length must be a tri- beam PB is supported. The weight at A just performs the 

jects from angle instead of a common parabola ; for the weight uni- same office witn the wall in which we suppose the beam to 

» wall. formly distributed over the part lying beyond any section, be fixed. Wc are thus particular, because we have seen 

Is as the length beyond that section : and since it may all even persons not unaccustomed to discussions of this kind 

be conceived as collected at its centre of gravity, which is puzzled in their conceptions of this strain. 

the middle of that length, the lever by which this load acts Now let the load P be laid on some point p between C 

or strains the section is also proportioned to the same lengtli. and B. The same reasoning shows us that the point is, 

The strain on the section (or momentum of the load) is as with respect to strain, in the same state as if the beam 

the square of tliat length. The section must have strength were fixed in a wall, embracing the part jvB, and a weight 

in the same proportion. Its strength being as the breadth n ^ P^ u ^ a j.u...i-i.« 

and the squire if the depth, and the breidth being con- = ^ ^ AB ''^ '""«' on at A, and the strain at C « P 

stant, the square of the depth of any section must be as the pB 

square of its distance from the end, and the depth must be ^ ^g X AC. 

as that distance ; and tfierefore the longitudinal verUcal j^ ^^^^ therefore, the strain on any point C, arising A ge,.crJ 

section must be a tnangle. from a load P laid on another point P, is proportional to propos*. 

But If all the transverse secuons are circles, squares, or ^y,^ rectangle of the distances of P and C from the ends^ 
any other similar figures, the strength of every section, or ° ' PA v PR R PA 

the cube of the diameter, must l^ as the square of the nearest to each. It is P X ■ , prPx^ -, 

lengths beyond that section, or the square of^ its distance -^^ ^^ 

from the end ; and the sides of (he beam must be a semi- cording as the load lies between C and A or between C 

cubical parabola. and B. 

If the upper and under surfaces are horizontal planes, it Cor. 1. The strains which a load on any point P occa- 
is evident that the breadth must be as the square of the dis- sions on the points C, c, lying on the same side of P, are 
tance from the end, and the horizontal sections may be as the distances of these points from tbe end B. In like 
formed by arches of the common parabola, having the manner the strains on £ and e are as £A and eA. 
length for their tangent at the vertex. Cor. 2. The strun which a load occasions in the part on 
By recurring to the analogy so oflen quoted between a m hich it rests is as the rectangle of the parts on each side, 
projecting beam and a joist, we may determine the proper Thus the strain occasioned at C by a load is to that at D 
form of joists which are uniformly loaded through their by the same load as AC X CB to AD x DB. It is there- 
whole length. fore greatest in the middle. 
The strain xhis is a frequent and important case, being the office of Let us now consider the strain on any point C arising from The ttnw 
beam nip- J*^**^ raflers, &c. ; and there are some circumstances whidi a load uniformly distributed along the beam. Let AP be re- *?*j|J^[g'j^ 
ported at ^^^^ ^^ particularly noticed, because they are not so ob- presented by x^ and Pp by dx^ and the whole weight on tle^^^^ Joq^ 
ootk tndi. viousi and have been misunderstnod. When a beam AB beam by a. Then tbe beam. 
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t;tr€Tiffth of ^, . , « . dx 

Materials. The weight on Fp is ....= a^. 

dx AP 
Pressure on B by the weight on Pp =: a j^ X x5« 



Or. 



=r u 



xdx 
AB*' 



Pressure on B by whole wt. on AC = a 5---__ := a 

Ad* 



2AB«' 



Strain at C by the weight on AC = a — .^^ . 



Strain at C by the weight on BC = a 



BC« X AC 
2AB« • 



i^ u u 1 • k. An AC« X BC + BC X AC 

Do. by whole weight on AB = a --i^— 

2AB* 

_ AC X BC X AC + CB AC X BC 

-" 2AS^ -^ 2AB ' 

Thus we see that the strain is proportional to the rect- 
angle of the parts, in the same manner as if the load a had 
been laid directly on the point C, and is indeed equal to 
one half of the strain which would be produced at C by the 
load a laid on there. 
Mistakes on It was necessary to be thus particular, because we see 
this subject in some elementary treatises on mechanics, published by 
5^.'""lh*^*^ authors of reputation, mistakes which are very plausible, 
ot repute^ ^^^ mislead ttie learner. It is tliere said that the pres- 
tion. sure at B from a weight uniformly diffused along AB, is 

the same as if it were collected at its centre of gravit}', 
which would be the middle of AB ; and then tlie strain at 
C is said to be this pressure at B multiplied by BC. But 
surely it is not difficult to see the difference of these 
strains. It is plain that the pressure of gravity downwards 
on any point between the end A and the point C has no 
tendency to diminbh the strain at C, arising from th,e up- 
ward re-action of the prop B ; whereas die pressure of 
gravity between C and B is almost in direct opposition to 
it, and must diminish it. We may however avoid the 
fiuxionary calculus with safety by the consideration of 
the centre of gravity, by supposing the weights of AC and 
BC to be collected at their respective centres of gravity ; 
and the result of this computation will be the same as 
above: and we may use either method, although the 
weight be not uniformly distributed, provided only that we 
know in what manner it is distributea. 

This investigation is evidently of importance in the 

practice of the engineer and architect, informing them 

what support is necessary in the different parts of their 

constructions. We considered some cases of this kind in 

the article Roof. 

To form a It is now easy to form a joist so that it shall have the 

joist which same relative strength in all its parts. 

rimy have j^ ^o make it equally able in all its parts to carry a 

the same . • i_*. i -j • ^ /^ . i .' i • 

relHtive g>ven weight laid on any point C taken at random, or uni* 

strength in formly dimised over the whole length, the strength of the 

sll itsparta. section at the point C must be as AC X CB. Therefore, 

1. If the sides be parallel vertical planes, the square of 
the depth (which is the only variable dimension), or CD*, 
must be as AC X CB, and the depths must be ordinates of 
an ellipse. 

2. If the transverse sections be similar, we must make 
CD> as AC X CB. 

3. If the upper and under surfaces be paralleli the 
breadth must be as AC X CB. 

II. If the beam be necessarily loaded at some given 
point C and we would have the beam equally able in all 
Its parts to resist the strain arising from the weight at C, 
we must make the strength of every transverse section 
between C and either end as its distance from that end. 
Therefore, 



1. If the sides be parallel vertical pianes, we miist make Strength of 
CD« : EP = AC : AE. Matehuii. 

2. If the sections be similar, then CD* : EP= AC : AE. ^""^'^*' 
S. If the upper and under surfaces be parallel, then 

breadth at C : breadth at E = AC : AE. 

The same principles enable us to determine the strain The stnin 

and strength of square or circular plates of different ex-*"<l 

tent but equal thickness. This may be comprehended in ^'^^f*^. 
^,. t 'a- / r square or 

this general proposition. drcular 

Similar plates of equal thickness supported all round plates of 
will carry the same absolute weight, uniformly distributed, diffierent 
or resting on similar points, whatever be their extent. extent but 

Suppose two similar oblong plates of equal thickness, ^^^ 
and let their lengths and breadths be L, ( and B, h. Let ^^^y y^^^. 
their strength or momentum of cohesion be C, c, and the termined 
strains from the weights W, tr, be S, s. from the 

Suppose the plates supported at the ends only, and **™® P*"^"" 
resisting fracture transversely. The strains, being as the *^P*®*' 
weights and lengths, are as WL and wly but tlieir cohe- 
sions are as the breadths ; and since they are of equal rela- 
tive strength, we have WL : it/ = B : 6, and WLo = tc/B, 
and L : / = w^ : Vfb ; but since they are of similar shapes, 
L : / = B : 6, and therefore w = W. 

The same reasoning holds again when they are also 
supported along the sides, and therefore holds when they 
are supported all round (in which case the strength is 
doubled). 

And u the plates be of any other figure, such as circles 
or ellipses, we need only conceive similar rectangles in- 
scribed in them. These are supported all around by the 
continuity of the plates, and therefore will sustain equal 
weights ; and the same may be said of the segments which 
lie without them, because the strengths of any similar seg- . 
ments are equal, their lengths being as their breadths. 

Therefore the thickness of the bottoms of vessels hold- 
ing heavy liquors or grains should be as their diameters 
and as the square root of their depths jointly. 

Also the weight which a square plate will bear is to that 
which a bar of the same matter and thickness will bear as 
twice the length of the bar to its breadth. 

There is yet another modification of the strain which The strain 
tends to break a body transversely, which is of very fre-of a heam 
quent occurrence, and in some cases must be very care- arising froa 
fully attended to, viz. the strain arising from its o^^lllphT 
weight. 

When a beam projects from li wall, every section is 
strained by the weight of all that projects beyond it. This 
may be considered as all collected at its centre of gravity. 
Therefore the strain on any section is in the joint ratio of 
the weight of what projects beyond it, and the distance of 
its centre of gravity from the section. 

The determination of this strain, and of the strength ne- General 
cessary for withstanding it, must be more complicated than principle 
the former, because the form of the piece which results respecting 
from this adjustment of strain and strength influences the"* 
strain. The general principle must evidently be, that the 
strength or momentum of cohesion of every section <nust 
be as the product of the weight beyond it, multiplied by 
the distance of its centre of gravity. For example ; 

Suppose the beam DLA (fig. 15) to project from the 
wall, and that its sides are 
parallel vertical planes, so Fig. 15. 

that the depth is the only 
variable dimension. Let 
LB=:a;and B6 = ^. The 
element B^C is =v//r. Let 
G be the centre of gravity 
of the part lying without 
B6, and g be its distance 

from the extremity L. Then x — g is the arm of thf 
lever by which the strain is excited in the section Hb, 




294 STRENGTH OF MATERIALS. 

•♦rengOiofLet Bb or y be as some power m of LB ; that is, let an herb could not support it if it were increased totheBizeStreogtbo' 

Ifaterimlt. ^+1 of a tree, nor could an oak support itself if forty or fifty Matenak 

'*'**v^*^y=a?*. Then the contents c£ hBb is — -j^. The times bigger; nor could an animal of the make of a lon^- "-^v^ 

. - . , ''*. T . leeeed spider be increased to the size of a man; tlie articu- 

momentum of gravity round a horizontal axis at L » Utions of iU legs could not support it. 

y«ir=af Hfltr, and the whole momentum round the axis is ^^^^^ ^y i,^ understood the prodigious superiority of Even im^il 

a?"**^ ^, ,. ^ , - . 1. , . the small animals both in strength and agility. A man by*™"»[**f< 

-— . The distance of the centre of gravity from L is f^ujng ^^^e his own height may break Tiis firmest bones. ^J^J; 

, J, ,. .J. ,. . _ , u *i. v I • u* L- L A mouse may fdl twenty times its height without risk; and rtreneth 
had by dividmg this momentum by the whole weight, which ^^^„ ^^ ^^^^^ ^^^ /, wood-louse may fiiU unhurt from «.d a^iny 

or*"** rr-i *. . . X X m+ \ , ,, J. the top of a steeple. But their greatest superiority is in re- 

»^ ;;r+T" ^^ '^"''^'^"^ ''' ^ '• ~ni+2' ^""^ *® ^'^^ spect of nimbleness and agility. A flea caiTleap above 600 

^ ,, , -. -^ /. ^u *• or • times its own length, while the strength ofthe human muscles 

unce of the centre of gravity from t he section Bb is ^^j^ ^^^ ^^ ^^ ^^^ ^^ the ground on limbs of the 

xxm+ I _ xXm + 2 — ar x m+\ ^ x ^ same construction. 

' m + 2~ iii4-2 ""111+2 ^^^" The angular motions of small animals (in which consists 

i. ^^ *u-. 4. • *i. *• uiL • u 1 u ^ u* 1 • their nimbleness or agility) must be greater than those of 

fore the stnun on the section Bb » hadby muluplying ^^ ^.,,^ wppoZr the force of lie mu«ndi« fibre to 

^ by ^ , The product is ^'^"^ This ^ ^® 8""® ^"^ botn. For supposing them similar, the num« 

m-l-l in + 2' '^ ia-|.2xm + r ber of equal fibres will be as the square of their linear di- 

must be as the square of the depth, or as y*. But v is as tensions ; and the levers by which they act «rc as their 

a-", and y« as «•". Therefore we have m + 2 = 2m, and ^^^^ dimensions. The energy therefore of the moving 

m =.2 ; that is, the depth must be as the square of the ^^ce is as the cube of these dimensions. But the moroen- 

distance from the extremity, and the curve L6 A is a para- ^^ ^f -^^^ or /» • r*, is as the fourth power ; therefore 

bola touching the horizontal line in L. J 

A conoid It is easy to see that a conoid formed by the rotation of the angular velocity of the greater animals is smaller. The 

equally thb figure round DL will also be equally able in every sec- number of strokes which a fly makes with its wings in a se- 

able in ^^^^ ^ ^^^i^ |^ ^^^ weight. cond is astonishingly great ; yet, being voluntary, they are 

ticm to*bear ^^ °®^ °®^ prosecute this farther. When the figure the efiects of its agility. 

its own ofthe piece is given, there is no difficulty in finding the We have hitherto confined our attention to the simplest 

weight, strain ; and the circumstance of equal strength to resist this form in which this transverse strain can be produced. This 

strain is chiefly a matter of curiosity. was quite sufficient for showing us the mechanism of na- 

The more It is evident, from what has been already said, that a pro- ture by which the strain is resisted ; and a very slight at- 

a beam jecting beam becomes less able to bear its own weight as tention is sufficient for enabling^ us to reduce to this every 

project*, i^ projects farther. Whatever may be the strength of the other way in whigh the strain can be produced. Wc shall 

able it"*if *«ction DA, the length may be such that it will break by not take up the reader's time with the application of the 

to bear itB own weight. If we suppose two beams A and B of the same principles to other cases of this strain, but refer him 

its own same substance and similar shapes, that is, having their to what has been said in the article Roof. In that arti- 

weight. lengths and diameters in the same proportion ; and nirther cle we have shown the analogy between the strain on the 

suppose that the shorter can just bear its own weight ; then section of a beam projecting from a wall and loaded at the 

the longer beam will not be able to do the same ; for tlie extremity, and the stnun on the same section of a beam 

strengths of the sections are as the cubes of the diameters, simply resting on supports at the ends, and loaded at some 

while the strains are as the biquadrates €^ the diameters ; intermediate point or points. The strain on the middle C 

because the weights are as the cubes, and the levers by of a beam AB (fig. 16) so supported, arising firom a weight 

which these weights act in producing the strain are as the 1^^ on there, is the same 

lengths or as the diameters. with the strain which half Fig. 16. 

Small bo- These considerations show us, that in all cases where that weight hanging at B ^ ^ ^ 

dies more strain is affected by the weight of the parts of the machine would produce on the same i ^ ; 

vS'^stond °' •t'ucture of any kind, the smaller bodies are more able •ection C, if the other end ^S TST 

the strain ^^ withstand it than the greater; and there seem to be ofthe beam were fixed in 

produced bounds set by nature to the size of machines constructed of a wall. If therefi)re 1000 pounds hung on the end of a beam 

by the any given materials. Even when the weight of the parts of projecting ten feet frt>m a wall will just break it at the wall, 

weight of xhe machine is not taken into the account, we cannot en- it will require 4000 pounds on its middle to break the same 

cWne^than ^^ ^®" *" ^® "•""^ proportion in all their parts. Thus beam resting on two props ten feet asunder. We have also 

great bo- ^ Steam-engine cannot be doubled in all its parts, so as to shown in that article the additional strength which will be 

dies. be still efficient. The pressure on the piston is quadrupled, given to this beam by extending both ends beyond the props, 

If the lift of the pump be also doubled in height while it is "id there framing it firmly into other pillars or supoorts. we Effects d 

doubled in diameter, the load will be increased eight times, o&n hardly add any thing to what has been siud in Uiat article, obliquity 

and will therefore exceed the power. The depth of lift, except a few observations on the efiects ofthe obliquity of°^^ ^*' 

therefore, must remain unchanged ; and in this case the the external force. We have hitherto supposed It to act in^^^ 

machine will be of the same relative strengdi as before, in- the direction BP (fig. 6) perpendicular to the length ofthe 

dependent of its own weight For the beam being doubled beam. Suppose it to act in the direction BP, oblioue to 

in all its dimensions, its momentum of cohesion is eight BA. In the article Roof we simposed the strain to be the 

times greater, which is again a balance for a quadruple load 8^"°® ^ ^^ the force » acted at toe distance AB', but still 

acting by a double lever. But if we now consider the in- perpendicular to AB : so it is. But the strength of the 

crease of the weight of the machine itself, which must be section A A is not the same in both cases; for by the obli- 

supported, and which must be put in motion by the inter- quity of the action the piece DCKA is pressed to the other, 

vention of its cohesion, we see that the large machine is We are not sufficiently acquainted with the corpuscular 

weaker and less efficient than the small one. forces to say precisely what will be the effect of the pr^- 

There is a similar limit set by nature to the size of plants ^^^ arising firom this obliquity ; but we can clearly see in 

and animals formed ofthe same matter. The cohenon of general, that the point A, which in the instant of firacturf 
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Strength of is neither stretched nor compressed, must now be farther other light than as a specimen of ingenious and very artful Strtngth of 
Matcri^ up, or nearer to D ; and therefore the number of particles algebraic analysis. £uler was unquestionably the first ^Atcriak. 
^ -^ v^**^ wnich are exerting cohesive forces is smaller, and therefore analyst in Europe for resource ana address. He knew ' 
the strength is diminished. Therefore* when we endeavour this, and enjoyea his superiority, and without scruple ad- 
to proportion the strength of a beam to the strain arising mitted any physical assumptions which gave him an op- 
from an external force acting obliquely, we make too liberal portunity of displaying his skill. The inconsistency of his 
allowance by increasing this external force in the ratio of assumptions with the known laws of mechanism gave him 
AB to AB'. We acknowledge our inability to assign the no concern ; and when his algebraic processes led him to 
proper correction. But this circumstance is of very great any conclusion which would ooake his readers stare, being 
influence. In many machines, and many framings of car- contrary to all our usual notions, he frankly owned the 
pentry, this oblique action of the straining force is unavoid- paradox, but went on in his analysis, saying, Sed analysi 
able ; and the most enormous strains to which materials are magis fidendum* Mr Robins has given some very risible 
exposed are generaUy of this kind. In the frames set up for instances of this confidence in his analysis, or rather of his 
carrying the ringstones of arches, it is hardly possible to confidence in the indolent submission of his readers. Nay, 
avoid ubem ; for although the judicious engineer dispose so fond was he of this kind of amusement, that after hav- 
his beams so as to sustain only pressures in the direction of ing published an untenable Theory of Light and Colours, 
their lengths, tending either to crush them or to tear them he published several Memoirs, explaining the aberration of 
asunder, it frequently hq>pen8 that, by the settling of the the heavenly bodies, deducing some very wonderful con- 
work, the pieces come to check and bear on each other sequences, &lly confirmed by experience, from the New- 
transverseiy, tending to bredc each other across. This we tonian principles, which were opposite and totally incon- 
have remarked UDon in the article Roof, with respect to a sistent with his own theory, merely because the Newtonian 
trusit by Mr Price (see Roof, p. 244). Now when a cross theory gave him oeeasionem anafyseot promovenda. We 
strain is thus combined with an enormous pressure in the are thus severe in our observations, because his Theory of 
direction of the length of the beam, it is in the utmost dan- the Strength of Columns is one of the strongest instances of 
ger of snapping suddenly across. This is one great cause this wanton kind of proceeding, and because his followers 
of the carrymg away of masts. They are compressed in the in the Academy of St Petersburg, such as Fuss, Lexill 
direction of their length by the united force of the shrouds, and others, adopt his conclusions, and merely echo his 
and in this state the transverse action of the wind soon words. Since the death of Daniel Bernoulli, no member 
completes the fracture. of that academy has controverted any thing advanced by 
The strain 'W hen considering the compressing strains to which ma- their Prqfeuor aMinUi OeomeiruBy to whom they had been 
on columns, terials are exposed, we deferred the discussion of the strain indebted for their places and for all their knowledge, hav- 
on colunms, observing that it was not, in the cases which ing been (most of them) his amanuenses, employed by this 
usually occur, a simple compression, but was combined with wonderful man during his blindness, to make his computa- 
a transverse strain, arising from the bending of the column, tions and carry on his algebraic investigations. We are not 
When the column ACB (fig. 17), resting on the ground at a little surprised to see Mr Enierson, a considerable mathe- 
B, and loaded at top with a weight A, acting in matician, and a man qf very independent spirit, hastily 
the vertical direction AB, is bent into a curve Fig. 17. adopting the same theory, of which we doubt not but our 
ACB, so that the tangent at C is perpendi- j3) reaaers will easily see tlie falsity. 

cular to the horizon, its condition somewhat mj^ Euler connders the column ACB as in a condition pre- 

resembles that of a beam firmly fixed between 't^t-' — > cisely similar to that of an elastic rod bent into the curve 

B and C, and strongly pulled by the end A, so //v by a cord AB connecting its extremities. In this he is 

as to bend it between C and A. Although we // * not mistaken. But he then draws CD perpendicolar to 

cannot conceive how a force acting on A straight \\ AB, and considers the strain on the section C as equal to 

column AB in the direction AB can bend it, i - — y the momentum or mechanical energy of the weight A, act- 



we may suppose that the force acted first in the % < - i » ing in the direction DEI, upon the lever kcD^ moveable 

horizontal direction A6 till it was bent to round the fulcrum c, and tending to tear asunder the par- 

this degree, and that the rope was then gra- 1 tides which cohere along the section cCft. This is the 

dually removed from the direction A6 to the 111 same principle (as Euler admits) employed by James Ber- 

direction AB, increasing the force as much as \\l noulli in his iDvestigation of the elastic curve ACB. Euler 

is necessary fbr preserving the same quantity of \v\ considers the strain on the section dk as the same with what 

flexure. — b" it would sustain if the same power acted in the horizontal 

Observa. The first author, we believe, who considered this im- direction EF on a point E, as far removed from C as the 

lions on portant subject with scrupulous attention was the celebrated point D is. We reasoned in the same manner (as has been 

^^"^^'i^^^^- Euler, who published in the Berlin Memoirs for 1757 his observed) in the article Roof, where the obliquity of ac- 

ttrenirth ^of '^^^ ^ ^^ Strength of Columns. The scneral propo- tion was inconsiderable. But in the present case this sub* 

eoluinnt. 'ition established by this theory is, that the strength of stitution leads to the greatest mistakes, and has render- 

prismatical columns is in the direct quadruplicate ratio of ed the whole of this theory false and useless. It would be 

their diameters, and the inverse duplicate ratio of their just if the column were of materials which are inoompres- 

lengths. He prosecuted this subject in the Petersburg sible. But it is evident, by what has been said above, that 

Commentaries for 1778, confiradng his former theory. We by the compression of the parts the real fulcrum of the lever 

do not find that any other author has bestowed much at- shifls away firom the point ^ so much the more as the com- 

tention on it, all seeming to acquiesce in the determinations pression is greater. In the great compressions of loaded 

oi Euler, and to consider the subject as of very great diffi- columns, and the almost unmeasurable compressions of the 

culty, reouirinff the application of the most refined mathe- truss-beams in the centres of bridges, and other cases of 

matics. Muschenbroeck has compared the theory with ex- chief importance, the fulcrum is shifted far over towards K 

periment ; but the comparison has been very unsatisfactory, so that very few fibres resist the fracture by their cohesion* 

the difference from the theory being so enormous as to af- and these few have a very feeble energy or momentum, on 

lord no argument for its justness. But the experiments do account of the short arm of the lever by which they act. 

not contradict it, for they are so anomalous as to afford no This is a most important consideration in carpentry, yet 

conclusion or general rule whatever. makes no element of Euler^s theory. The consequence of 

To say the truth, the theory can be considered in no this is, that a very small degree of curvature is sufficient 
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Streng:tb ofto cause the column or ^tnit to snap in an instant, u is 
M.iieriild, ^,g|i |[nown to every experienced carpenter. The cxperi- 
'-^'•'-'^ ment by Muschehbroeck, which Euler makea use of in order 
to obtain a measure of strength in a particular instance, 
trom which he mif^t deduce all others by his theorem, is 
an incontestable proof of this. The force which broke the 
column is not the twentieth part of what is necessary for 
breaking it by acting at E in the direction EP. buler 
takes no notice of this immense discrepancy, because it 
must have caused htm to abandon the speculation with 
which he was then amusing himself. 
Thif tb«o The limits of this work do not afford room to enter mi- 
ry fatiewidnutely upon the refutation of this theory] but we can easily 
"*'"•*■ show its uselessnesB, by its total inconsistency with com- 
mon observation. It results legitimately from this theory, 
that if CD have no magnitude, the weight A can have no 
momentum, and the column cannot be broken. True, it 
cannot be broken in this way, snapped by a transverse 
fracture, if it do not bend i but we know very well that it 
can be crushed or cripple^ and we see this frequently hap- 
pen. This circunutsince or event does not enter into Eu- 
ter's investigation, and therefore the theory i* at least im- 
perfect and useless. Had tliis crippling been introduced in 
the form of a physical assumption, every topic of reasoning 
employed in the process must have been laid aude, aa the 
intelligent reader will easily see. But the theory is not 
only imperfect, but false. The ordinary reader will be con- 
vinced of thisbyanotherlegitimateconsequenceofit. Fig. 
18 is the same with fig. 106 of Emer- 
son's Mechanics, where this subject Fig. 18. 
is treated on Euler's prindptes, and 
represents a crooked piece of matter 
resting on the ground at F, and load- 
ed at A with a weight acting in the 
vertical direction AF. It results from 
Euler's theory that tlie strains axi, 
B, D, E, &c. are as frc, BC, DI, EK, 
&c. Therefore the strains at G and 
H are nothing i and this is asserted 
by Emerson and Euler as a serious 
truth ; and the {Hece may be thinned 
ad it^itum in these two places, or 
even cut through, without any dimi- 
nution of iu strength. The absurdity of this assertion 
strikes at first hearing. Euler asserts the same thin, with 
respect to a point of contrary flexure. Farther di- ja»oD 
is, we apprehend, needless. 
Vet Euler'i This trieory must therefore be given op. Yei U.esc dis- 
■liwena- sertations of Euler in the Petersburg Commeniaries de- 
tioni ds- icrve a periital, both as very ingenious spedmeni of anoty- 
'"T*'P*''sis, and because they contain maxims of practice which are 
important. Although they give an erroneous measure of 
the comparative strength of^columns, they thow the im- 
mense importance of preventing all bendings, and point out 
with accuracy where the tendencies to bend are greatest, 
and liow this may be prevented by very small forces, and 
what a prodigious accession of force this gives the column. 
Tliere is a valuable paper in the same volume by Fust on 
the Strains on framed Carpentry, whidi may also be read 
with advantage. 
A new It wiU now be ssked, what shall be substituted in place 
tlieor;can-af this erroneous theory P what is the true proportion of the 
a?* ^J^y strength of columns? We acknowledge our inability to give 
■^ Qf "' a satisfactory answer. This can only be obtained by a pre- 
Ealer'i till vious knowledge of the proportion between the extenaims 
muiy «pe- and compressions produceo by equal forces, by the know- 
liiaeau be ledge of the absolute compressions producible by a given 
•""■«■ force, and by a knowledge of the degree of that derange- 
ment of parts which is termed crippling. These circum- 
ttoncet are but imperfectly known lo us, and there lies be- 
fore us a wide field of experimental inquiry. Fortunately 




the force requisite fiir crippling a beam is prodigious, and Strai|tb -.: 
a very small lateral support is sufficient to prevent that Msteruk 
bending which puts the beam in imminent danger. A ju- "^^^ 
dicious eonneer will always employ transverse bridles, as 
they are culed, lo stay the middle of long beams which ore 
employed as pillars, struts, or truss-beams, and are exposed, 
by their position, to enormous pressures in the direction of 
their lengths. Such stays may be observed, disposed with 
sreat judgment and economy, in the centres employed by 
Mr Perronet in the erection of his great stone arches. He 
was obliged to correct this omission made by hb ingenious 
predecessor in thebeautifulcentresof the bridge of Orleans, 
which we have no hesitation in affirming to be the finest 
piece of carpentry in the world. 

It only remains on this head to compare these theoretical 
deductions with experiment. 

Experiments on the transverse strength of bodies are 
easily made, and accordinglv are very numerous, especially 
those made on timber, whicn is the case most common and 
most interesting. But in this great number of experiments 
there are very few from which we can draw much practical 
information. The experiments have in general been made 
on such small scantlings, that the unavoidable natural ine- 
qualities bear too great a proportiun to the strength of the 
whole piece. Accordingly, when we compare the experi- 
ments of different authors, we find them differ enormously, 
and even the experiments by the same author are very 
anomalous. The completest series that we have yet seen 'Inhie i f 
is that det^led by Belidor in his Science det litgenievrt. "^"j^ . 
They are contained in the following table. The pieces ^f"jj^|']"^, 
were sound, even-grained oak. The column b contains the 
breadths of the pieces in inches t the column d contains 
their depths i the column I contains their lengths ; column 
p contains the weights (in pounds) which broke them when 
nung on tlieir midalet ; and in is the column of averages or 
meiliums. 



No. 


b 


-^ 


' i p \ - 




I 


1 
1 1 


IB 


400 
415 
405 


406 


The ends lying loose. 


2 


1 


» 


-18 


600 
600 
624 




ends firmly fixed 






Loose. 
Loose. 




Loose. 


Fixed. 


Loose. 


H 


H 


n 


36 


1665 
167.7 
1640 


1660 


Loose. 
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.^ttengthof By comparing Experiments I»t and Sd, the suength ap- oak, clear of knota, and four inches square. This is a ape- Sirenjtb ol 

Matenals. pg^„ proportional to the breadth. cimen of all the rest. Material., 

Co'roU&rUt Experiments 3d and 4th show the strength proportional Column lat is the length of the bar in clear feet between ^*^'^'''"' 

derived ^ '^^ square of the depth. the supports. 

&om them. Experiments Ist and 5th show the strength nearly in the Column 2d is the w^ght of the bar (the second day aAer 

inveise pn?portion of the lengths, but with a sensible deh- it was felled) in pounds. Two bars were tried of each 

ciency hi tbc longer pieces. leneth. Each of the first three purs consisted of two cuta 

Experiments 5th and 7th show the strengths proportional of the same tree. The one next the root was always found 

to the breadths and the square of the depth. the heaviest, stifiest, and strongest. Indeed M. Bufibn says 

Experiments Ist and 7th show the same thing, com- that this was invariably true, that the heaviest was always 

pounded with theinversepraportionof the length: here the the strongest ; and he recommends it as a certain (or sure) 

deficiency relative to the length is not so remarkable. rule for the choice of timber. He finds that this is always 

Experiments 1st and 2d, and experiments 5th and 6th, the case when the timber has grown vigorously, forming 

show the increase of strength, by fastening the ends, to be very thick annual layers. But he also observes that this 

intheprojportionoftwotothree. The theory Kives the pro- is only during the advances of the tree to maturity; for the 

portion of two to four. But. a difference in ihe manner of strength of the different drcles approaches gradually to 

fixing may produce this deviation irom the theory, which equality during the tree's healthy growth, and then it de- 

only supposed them to be held down at places beyond the cays in these parts in a contrary order. Our tool-makers 

props, as when a joist is held in the walls, sod also rests on assert the same thing with respect to beech i yet a contrary 

two pillars between the walls. opinion is very prevalent ; and wood with a fine, that is, a 

Tne chief source of irregularity b such experiments is small grwn, is frequently preferred. Perhaps no person has 

the fibrous, or rather plated texture of timber. It consists ever made the trial with such minuteness as M. Bufibn, and 

of annua] additions, whose cohesion with each other is vastly we think that much deference is due to his opinion. 

weaker than that of their own fibres. Let fig. 1 9 represent Column 3d a the numner of pounds necessary for break 

section of a tree, 



F.g. 19. 



D large 



ABCD, tdvd the section of two 
battens that are to be cut out of 
it for experiment, and let AD 
and of^ be the depths, and DC, 
de the breadths. The batten 
ABCD will be the stronger, 
for the same reason that an as- 
semblage of planks set edgewise 
will form a stronger joist than 
planks laid above each other like 
theplatesofacoach-spring. M. 
Bufibn found by many trioJs that 

the strength of ABCD was to that of aied (in oak) nearly 
as eight to seven. The authors of the different experiments 
were not careful that tlieir battens had their plates all dis- 
posed similarly with respect to the strain. But even with 
this precaution they would not have afforded sure grounds 
of computation for large works ; for great beams occupy 
much, if not the whole, of the section of the tree ; and from 
this it has happened that their strength is lew than in pro- 
portion to tliat of a small lath or batten. In short, 
trust no experiments but such as have been made o 
beams. These must be very rare, for they are most ex- 
pensive and laborious, and exceed the abilities of most of 
those who are disposed to study this subject. 

Butwearenot wholly without such authority. H. Buf- 
fon and M. Duhamel, two of the first philosophers and (j,g jj^^ column, 
mechaniciana of the age, were directed by government to 
make experiments on this subject, and were supplied with 
ample funds and apparatus. The relation of their experi- 
ments is to be found in the Memoirs of the French Aca- 
demy for 1740, 1741, 1742, 1768; as also in Duhamel's 
valuable performances Sur FBxploUalUm da Arbttt, et 
aur la Coruervation et le Tratuport de Bou, We ear- 
nestly recommend these dissertations to the perusal of our 
readers, ai containing much useful information relative to 
the strength of timber, and the best methods of employing 
it. We shall here give an abstract of M. Buflbn^ experi- 

M. B\.{- He relates a great number which, during two years, he 
lon'xipo- bad prosecuted on smalt battens. He found that the odds 
ronenu on ^^ ^ single layer, or part of a Iay»', more or less, or even a 
m"^ oik. different disposition of them, haa such influence that he was 
obliged to abandon this method, and to have recourse to 
the largest beam* that he waa able to break. The follow- 



ing the tree in the course of a few minutes. 

Column 4th is the number of inches which it bent down 
before breaking. 

Column 5th is the time at which it broke. 



1 


' 


S 


4 


6 


7 


(60 
156 


5350 

5275 


3-5 
4'5 


29 
22 


8 


(68 


«00 
4500 


3-75 
4-7 


18 

13 


9 




4100 
3950 


4-85 
5-5 


14 
12 


10 


184 
t82 


3625 
3600 


5-83 
6-6 


15 

15 


12 


( 100 
i 98 


3050 
2925 


7- 
8- 





The experimcnta on other sixes were made in the same 
way. A pair at least of each length and size was taken. 
The mean results are contained in the following table. The 
beams were all square, and their sizes in inches are placed at 
the head of the columns, and their lengths in feet are in 
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5 


6 


7 
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A 


7 


5312 


11525 


18950 


32200 


47649 


11525 


fl 


4550 


9787 


15525 


26050 


39750 


100B5 


9 


4025 


8308 


13150 


22350 


32800 


8964 


10 


3612 


7125 


11250 


19475 


27750 


8068 


12 


S!987 


6075 


9100 


16175 


23450 


6723 


14 




5300 


7473 


13285 


19775 


5763 


16 




4350 


6362 


IIOUO 


16375 


5042 


IK 




3700 


5562 


9245 


13200 


448S 


20 




3225 


4950 


8375 


11487 


4034 


22 




8975 








3667 


?4 




SI62 








3362 


28 




1775 








S881 



M. Bufibn had found, by numerous trials, that oak-timber 



ingtabie exhibits one vies of experiments on bun of sound lost much ofita strength in the course of drying or s( 
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Strength of ing ; and therefore, in order to secure uniformity, his trees 

Materialt. ^^^e all felled in the same season of the year, were squared 
" the day after, and tried the third day. Trying them in this 
green state gave him an opportunity of observing a very 
curious and unaccountable puenomenon. When the weights 
were laid briskly on, nearly sufficient to break the <og, a 
very sensible smoke was observed to issue from the two 
ends with a sharp hissing noise. This continued all the 
while the tree was bending and cracking. This shows that 
the log is affected or strained through its whole length. In- 
deed this must be inferred from its bending through its 
whole length. It also shows us the great effects of the 
compression. It is a pity M. Buffon did not take notice 
whether this smoke issued from the upper or compressed 
half of the section only, or whether it came from the whole. 
We miist now make some observations on these experi- 

(ions on M. ments, in order to compare them With the theory which we 

Buffon'g i^gyg endeavoured to establish. 

M. Buffon considers the experiments with the five-inch 
bars as the standard of comparison, having both extended 
these to greater lengths, and having tried more pieces of 
each length. 

Our theory determines the relative strength of bars of 
the same section to be inversely as their lengths. But, if 
we except tiie five experiments in the first column, we find 
a very great deviation from this rule. Thiis the five-inch 
bar of twenty-eight feet long should have half the strength 
of that of fourteen feet, or 2650 ; whereas it is but 1775. 
The bar of fourteen feet should have half the strength of 
that of seven feet, or 5762 ; whereas it is but 5300. In like 
manner, the fourth of 1 1,525 is 2881 ; but the real strength 
of the twenty-eight feet bar is 1775. We have added a 
column A, which exhibiU the strength which each of the 
five-inch bars ought to have by the theory. This devia- 
tion is most^istinctiy seen in fig. 20, where BK is the scale 

Fig. 20. 



Observa- 



expen- 
ments. 
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of lengths, B being at the point seven of the scale, and K 
at twenty-eight The ordinate CB is = 11 ,525, and the other 

ordinates DE, 6K, &c. are respectively =: 



7CB 



The 



length * 

lines DF, 6H, &c. arc made = 4350, 1775, &&, express- 
ing the strengths given by experiment The ten-feet bar 
and the twenty-four feet bar are remarkably anomalous. 
But all are deficient, and the defect has an evident pro- 
gression from the first to the last The sarnie thine may 
be shown of the other columns, and even of the first, though 
it is very small in that column. It may also be observed 
in the experiments of Belidor, and in all that we have seen. 
We cannot doubt therefore of its being a law of nature, de- 
pending on the true principles of cohesion and the laws of 
mechanics. 

But it is very puzzling, and we cannot pretend to give a 

<tatisfactory explanation of the difficulty. The only effect 

which we can conceive the length of a beam to have, is to 

\ increase the strain at the section of fracture, by employing 

'■ tne intervening beam as a lever. But we do not distinctiy 



see what change this can produce in die mode of action of Stren^ sf 
the fibres in this section, so as either to change their cohe- MaterULs. 
sion or the place of its centre of effort : yet something of ^**'*^''^*^ 
this kind must happen. 

We sec indeed some circumstances which must contri- 
bute to make a smaller weight sufficient, in M. Buffon*s ex- 
periments, to break a long beam, than in the exact inverse 
proportion of its length. 

in the first place, the weight of the beam itself augments 
the strain as much as if half of it were added in the rorm of 
a weight M. Buffon has given the weights of every beam 
on which he made experiments, which is very nearly seven- 
ty-four pounds per cubic foot But they are much too small 
to account for the deviation from the theory. The half 
weights of the five-inch beams of seven, fourteen, and 
twenty-eight feet length, are only forty-five, ninety-two, 
and 182 pounds ; which makes the real strains in the ex- 
periments 1 1,560, 5890, and 1956 ; which are &r from hav- 
ing the proportions of four, two, and one. 

Buffon says that healthy trees are universally strongest 
at the root end ; therefore, when we use a longer beam, its 
middle point, where it is broken in the experiment, is in a 
weaker part of the tree. But the trials of the four-inch 
beams show Uiat the difference from this cause is almost in- 
sensible. 

The length must have some mechanical influence which 
the theory we have adopted has not yet explained. It may 
not however be inadequate to the task. The very inge- 
nious investigation of the elastic curve by James Bernoulli 
and other celebrated mathematicians is perhaps as refined 
an application of mathematical analysis as we know. Yet 
in this investigation it was necessary, in order to avoid al- 
most insuperable difficulties, to take the simplest possible 
case, viz. where the thickness is exceedingly small in com- 
parison with the length. If the thickness be considerable, 
the quantities neglected in the calculus are too great to per- 
mit the conclusion to be accurate, or very nearly so. With- 
out being able to define the form into which an elastic body 
of considerable thickness will be bent, we can say with con- 
fidence, that in an extreme case, where the compression in 
the concave side is very great, the curvature diners consi- 
derably from the Bernoullian curve. But as our investiga- 
tion is incomplete and very long, we do not offer it to tiie 
reader. The following more ramiliar considerations will. Probable 
we i4)prehend, render it highly probable that the relative *^*.^^*^ 
strength of beams decreases faster than in the inverse i^'gtreoJTh oi 
tio of their lengdi. The curious observation by M. Buffon, beamrde- 
of the vapour which issued with the hissing noise from the creases 
ends of a beam of green oak, while it was breaking by thefuter tbau 
load on its middle, shows that the whole length of the piece"* ^'^ '°" ^ 
was affected : indeed it must be, since it is bent through- ^f^'^eir 
out We have shown above, that a certain definite cur-j^Qgth. 
vature o^ a beam of a given form is always accompanied by 
rupture. Now suppose the beam A of ten feet long, and 
the beam B of twenty feet long, bent to the same degree, 
at the place of their fixture in the wall ; Uie weight which 
hangs on A is nearly double of that which must hang on B. 
The form of any portion, suppose five feet, of Uiese two 
beams, immediately adjoining to the wall, is considerably 
different At the distance of five feet tiie curvature of A is 
half of its curvature at the wall. The curvature of B in the 
corresponding point is three fourths of the same curvature 
at the wall. Through the whole of the intermediate five 
feet, therefore, the curvature of B is greater than that of A. 
This must make it weaker throughout It must occasion 
the fibres to slide more on each other (that it may acquire 
ihi$ greater curvature), and thus affect their lateral union ; 
and therefore those which are stronger will not assist their 
weaker neighbours. To this we must add, that in the 
shorter beams the force with which the fibres are pressed 
laterally on each other is double. This must impede the 
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Strength of mutual sliding of the fibres which we mentioned a little unspeakable service to the public by iq^propriating a fund Strength of 

Materids. ^g^ . jj^y^ thjg lateral compression may change the law of for such experiments under the management of some man MatenaU. 

^^""^^^^"^^^ longitudinal cohesion (as will readily appear to the reader of science.. «>-^v^— 

who is acquainted with Boscovich's doctrines), and increase There remains another comparison which is of chief im- Proportion 

the strength of the very surface of fracture, in the same way portance, namely, the proportion between the absolute eo^hetween 

(however inexplicable) as it does in metals when they are hesion and the relative strength. It may be guessed, fromf^ ^^~ 

hammered or drawn into wire. the very nature of the thing, that this must be very uncer-g^Q^j^^^^^j^ 

The reader must judge how far these remarks are worthy tain. Experiments on the absolute strength must be con- relative 

of his attention. The engineer will carefully keep in mind fined to very small pieces, by reason of the very great forces strength 

the important fact, that abeam of quadruple length, instead which are required for tearing them asunder. The values 

of having one fourth of the strength, has only about one therefore dedfuced from them must be subject to great in- 

sixth ; and the philosopher should endeavour to discover equalities. Unfortunately we possess no detail of any ex- 

the cause of this diminution, that he may give the artist a periments $ all that we have to depend on are two passages 

more accurate rule of computation. of Muschenbroeck's JSssais de Physique ; in one of which 

We cannot Our ignorance of the law by which the cohesion of the he says, that a piece of sound oak -^ths of an inch square 

discover particles changes by a change of distance, hinders us from is torn asunder by 1150 pounds ; and in the other, that an 

^Jl^^^^^*^^^ discovering the precise relation between the curvature and oak plank twelve inches broad and one thick will just sus- 

tween the ^he momentum of cohesion; and all we can do is to multi- pena 189,163 pounds. These give for the cohesion of an 

curvature ply experiments, upon which we may establish some em* inch square 15,755 and 15,763 pounds. Bouguer, in his 

and the pirical rules for calculating the strength of solids. Those Traitd du Navire^ says that it is very well known that a rod 

momentum ^^qj^ which we must reason at present are too few and too of sound oak one fourth of an inch square will be torn 

o CO ^^^'^ anomalous to be the foundation of such an empirical for- asunder by 1000 pounds. This gives 16,000 for thecohe- 

mula. We may however observe, that M. Button's expe- sion of a square inch. We shall take this as a round num- 

riments gave us considerable assistance in this particular ; ber, easily used in our computations. Let us compare this 

for if to each of the numbers of the column for the five-inch witli M. Buffon's trials of beams four inches square. 

beams, corrected by adding half the weight of the beam, we The absolute cohesion of this section is 16,000x16= 

add the constant number 1245, we shall have a set of num- 256,000. Did every fibre exert its whole force in the in- 

bers which are very nearly reciprocals of the lengths. Let stant of fracture, the momentum of cohesion would be the 

1245 be called c, and let the weight which is known by ex- same as if it had all acted at the centre of gravity of the 

periment to be necessary for breaking the five- inch beam section at two inches from the axis of fracture, and is there- 

p fore 512,000. The four-inch beam, seven feet long, was 

of the length a be called P. We shall have -i^--? — c==p. broken by 5312 pounds hung on iu middle. The half of 

^ this, or 2656 pounds, would have broken it, if suspended 

Thus the weight necessary for breaking the seven-feet bar at its extremity, projecting 3^ feet, or 42 inches, fi-om a 

is 11,560. This added to 1245, and the sum multiplied by wall. The momentum of this strain is therefore 2(j56x42 

QQ goe =111,552. Now this is in equilibrio with the actual mo- 

7, givesP4-cXa=89,635. Let /be 18; then— ^^r 1245 mentum of cohesion, which is therefore 111,552 instead 

^^ of 512,000. The strength is therefore diminished in the 

=3725=/!, which differs not more than ^^th from what proportion of 512,000 to 111,552, or very nearly of 4*59 

experiment gives us. This rule holds equally well in all to 1. 

the other lengths except the 10 and 24 feet beams, which As we are quite uncertain as to the place of the centre 

are very anomalous. Such a formula is abundantly exact of effort^ it is needless to consider the full cohesion as act- 

for practice, and will answer through a much greater variety ing at the centre of gravity, and producing the momentum 

of length, though it cannot be admitted as a true one ; be- 512,000 ; and we may convert the whole into a simple mul- 

cause, in a certain very great length, the strength will be tiplier m of the lengUi, and say, as m times the length is to 

nothing. For other sizes the constant number must change the depths so is the absolute cofiesion of the section to the re- 

in the proportion of e^, or perhaps of/?. lative strength. Therefore let the absolute cohesion of a 

Relation The next comparison which we have to make with the square inch be called y? the breadth 6, the depth c/, and the 

between theory is the relation between the strength and the square length / (all in inches), the relative strength, or the exter- 
^^*^*?^{*^"8^ of the depth of the section. This is imide by comparing ^ , fb^ 



^f with each otlier the numbers in any horizontal line of the ^^ force, /?, which balances it, is ^qg^* ^^» "* romd num- 



and the 

the depth table. In making this comparison we find the numbers of ^»^ 

of the sec. the five-inch bars uniformly greater than the rest. We bers,*^ ; for in= 2x4*59* 

(ion. imagine that there is something peculiar to these bars ; ^^ 

they are in general heavier than in the proportion of their This great diminution of strength cannot be wholly ac- 

section, but not so much so as to account for all their su« counted for by the inequality of the cohesive forces exert- 

periority. We imagine tliat this set of experiments, intend- ed in the instant of firacture ; for in this case we know that 

ed as a standard for the rest, has been made at one time, the centre of effort is at one third of the height in a rect- 

and that the season has had a considerable influence. The angular section ^because the forces really exerted are as 

fact however is, that if this colunm be kept out, or uni- the extensions ot the fibres). The relative strength would 
formly diminished about one sixteenth in their strength, r^ 

the different sizes will deviate very little from the ratio of be'^^y-, andj> would have been 8127 instead of 2656. 
the square of the depth, as determined by theory. There 

is however a small deficiency in the bigger beams. We must ascribe this diminution (which b three times 

We have been thus anxious in the examination of these greater than that produced by the inequality of the cohe- 

experiments, because they are the only ones which have sive forces') to the compression of the under part of the 

been related in sufficient detail, and made on a proper beam ; ana we must endeavour to explain in what manner 

scale for giving us data ^m which we can deduce confi- this compression produces an effect which seems so little 

dential maxims for practice. They are so troublesome and explicable by such means. 

expensive that we have little hopes of seeing their number As we have repeatedly observed, it is a matter of nearly 

greatly increased $ yet surely our navy board would do an universal experience that the forces actually exerted by the 
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Strength of ^iicles of bodies, when stretched or compressed, are very that it may nol be cut through one third without loss of its Strcngto n 

Mftteri^ nearly in the proportion of the distances t<v which the par- strength. MateriaU 

^"""'^^^^ tides are drawn from their natural positions. Now, al- This must not be considered as a subject of mere specu- ^ — 

though we are certain that, in enormous compressions, the lative curiosity. It is intimately connected with £ the 
forces increase faster than in this proportion, this makes no practical uses which we can make of this knowledge ; for it 
sensible change in the present question, because the body is almost the only way that we can learn the compressibility 
is broken before the compressions have gone so far ; nay, of timber. Experiments on the direct cohesion are indeed 
we imagine that the compressed paru are crippled in most difficult, and exceedingly expensive if we attempt them in 
cases even before the extended parts are torn asunder large pieces. But experiments on compression are almost 
Muschenbroeck asserts this with great confidence with re- impracticable. The most instructive experiments would 
spect to oak, on the authority of his own experiments. He be, first to establidi, by a great number of trials, the trans- 
says, that although oak will suspend half as much again as verse force of a moderate batten ; and then to make a great 
fir, it will not support, as a pillar, two thirds of the load number of trials of the diminution of its strength, by cutting 
which fir will support in that form. it through on the concave side. This would very nearly 
We imagine therefore that the mechanism in the present give us the proportion of the cohesion which really operates 
case is nearly as follows : in resisting fractures. Thus if it be found that one half of 
Let the beam DCKA (fig. 21) be loaded at its extre- the beam may be cut on the under side without diminution 
mity with the weight P, of its strength (taking care to drive in a slice of harder 
acting in the direction Fig. 21. wood), we may conclude that the point A is at the middle, 
KP perpendicular to or somewhat i&ove it. 

DC. Let Da be the ^ | ^ ,, Much lies before the curious mechanician, and we are as 

section of fracture. Let 



DA be about one third 
of Da. a will be the 
particle or fibre which 
is neither extended nor 
compressed. Make A3 
:Drf = DA:AA. The 
triangles DAd^ A A 3, 




z 




yet very fitf from a scientific knowledge of the strength of 
j^ timber. 

In the mean time, we may derive from these experiments A useful 
of Buff[>n a very useful' practical rule, without relying on practical 
any value of the absolute cohesion of oak. We see diat the ^l^ ^^J ^ 
strength is nearly as the breadth, as the square of thef^^![| 
depth, and as the inverse of the length. It is most conve- Bnffon • 
nient to measure the breadth and depth of the beam in experi- 
will represent the ac- ^^^ inches, and its length in feet Since, then, a beam fourments. 

cumulated attracting and repelling forces. Make AI and inches square and seven feet between the supports is broken 
At = i DA and ^^AA. The point I will be that to which by 5312 pounds, we must conclude that a batten one inch 
the full cohesion ud or /of the particles in AD must be square and one foot between the supports will be broken 
applied, so as to produce the same momentum which the by 581 pounds. Then the strength of any other beam of 
variable forces at I, D, &c really produce at their several oak, or the weight which will just break it when hung on 
points of application. In like manner, t is the circle of . . , , . bd^ 

similar effort of the repulsive forces excited by the com- i** middle, is 581 -^. 

pression between A and A, and it is the r«d fulcrum g^^ ^^ ^ave seen that there is a very considerable devi- 
of a bended lever IiK, by which the whole effect is pro- ^^^^^ ^^^ ^^ ^^^^^ proportion of Uie lengths, and we 
duced. The effect is the same as if Uie ftill cohesion of tfie ^„,^ endeavour to accommodate our rule to this deviaUon. 
stretched fibres m AD were acaimulated in I, and the full ^^ ^^^^^ ^^^^ ^ ^j.„ 1245 to each of the ordinates or 
repulsion of aH the compressed fibr^ m AA were accumu- riximher% in the cilumn of the five-inch bars, we had a set 
lated m t. The forcw which «re balanced in the opera- ^ numbers very nearly reciprocal of the lengths ; and if we 
tion are the weight P, acUng by the arm At, and the full ^^j^^ ^ ^j^y^ 'eAdxtAOti to the other columni in the propor- 
cohesionofADactingbythearmli^ The forces exerted Uon of the cubes of the sixes, we have nearly the sine re- 
by the compressed fibres between A and A only serve to ,„,^ ^he greatest error (except in the c^ of experi- 
give support to the lever, that it mav exert it« •train. ^^^^ which are very irregular) ioe^ not exceed ^ih ofthe 

We imagine that thisdoes not dife much from the real ^^ole. Therefore, for rradiod number, add tithe 5S12 
procedure of nature. The position of Uie point A may be ^^ ^^^^^ ^^ ^y^^^y^^^ ^ i245 very nearly as V to b\ 
different from what we have deduced from Buffons expe- ^his gives 5952. The 64th of this is 93, which corre- 
nments, compared with Muschenbrowikfs value of the ab- ^ ^^ to a bar of one inch square and seven feet long. 

^Y^^^^'^^""^ * T"^ "''*• 1. ^^ ^» ^^ 8^0^^ ^ Therefore 93 X 7 wUl be the rcdprocal corresponding to a 
only 12,000, DA must be greate^^ bar of one foot. This is 65 L tkke from thU the present 

It, m the proportion of 12,000 to 16,000. For It must still . ^ ^ 

be made = \ Aa, supposing the forces to be proportional empirical correction, which is -57^, or 10, and there re- 

to the extensions and compressions. There can be no ^4 

doubt that a part only of the cohesion of DA operates in mains 641 for the strength of the bar. This gives us for a 

resisting the fracture in all substances which have any com- ^ti ^ 1 a rj« 

pressibuity ; and it is confirmed by the experiments of M. general rule p =: 651 -j 10 W». 

Duhamel on willow, and the inferences are by no meuis EwampU. Required the weight necessary to break an 

confined to that species of Umber. We wy, Aerefore, that ^^ ^Mm eight inches square and twenty feet between the 

when the beam is broken, the cohesion of AD alone is ex- " r v 8* 

erted, and that each fibre exerts a force proportional to its props, p == 651 X — ^r^ 10 X 8 X 8^. This is 11,545^ 

extension ; and the accumulated momentum is the same as ^^ 1 

if the full cohesion of AD were acting by the lever It = ^ whereas the experiment gives 1 1,487. The error is very . ^ 

of Da. small indeed. The rule, is most deficient m comparison 

It may be said, that if only one third of the cohesion of with the five-inch Imuhs, whicbi we have already said, appear 

oak be exerted, it may be cut two thirds through without stronger than the rest 

weakening it. But this cannot be, because the cohesion of The following process is easily remembered by such as 

the whole is employed in preventing. the lateral slide so are not algebraists, 

often mentioned. We have no experiments to determine Multiply the breadth in inches twice by tlie deptl^ and 



STRENGTH OF MATERIALS. 



301 



Strength of call this product / Multiply /by 651, and divide by the 
Materials, length in feet. From the quotient take 10 times/ The re- 
" ^ v*^ mainder is the number of pounds which will break the beam. 
We are not sufficiently sensible of our principles to be 
confident that the correction 10/ should be in the propor- 
tion of the section, although we think it most probable. It 
is quite empirical, founded on Buffon's experiments. There- 
fore the safe way of using this rule is to suppose the beam 
square, by increasing or diminishing its breadth till equal 
to the depth. Then find the stren^ by this rule, and di- 
minish or increase it for the change which has been made 
in its breadth. Thus, there can be no doubt that the 
strength of the beam given as an example is double of that 
of a beam of the same depth and half the breadth. 

The reader cannot but observe that all this calculation 
relates to the very greatest weight which a beam will bear 
for a very (ew minutes. M. Bufbn uniformly found that 
two thirds of this weight sensibly impaired its strength, and 
firequently broke at the end of two or three months. One 
half of this weight brought the beam to a certain bend, 
which did not increase afler the first minute or two, and 
may be borne by the beam for any length of time. But 
the beam contracted a bend, of which it did not recover 
any considerable portion. One third seemed to have no 
permanent effect on the beam ; but it recovered its rectili- 
neal shape completely, even after having been loaded seve- 
ral months, provided that the timber was seasoned when 
first loaded ; that is to say, one third of the weight which 
would quickly break a seasoned beam, or one fourth of 
what would break one just felled, may lie on it for ever with- 
out giving the beam a set. 

We have no detail of experiments on the strength of other 
kinds of timber : only M. Buffon says, that fir has about 
Aths of the strength of oak ; Mr Parent makes it |$ths ; 
£merson, fds, &c. 

We have been thus minute in our examination of the 
mechanism of this transverse strain, because it is the great- 
est to which the parts of our machines are exposed. We 
wish to impress on the minds of artists the necessity of 
avoiding this as much as possible. They are improving in 
this respect, as may be seen by comparing the centres on 
which stone arches of great span are now turned with those 
of former times. They were formerly a load of mere joists 
resting on a multitude of posts, which obstructed the navi- 
gation, and were frequently losing their shape by some of 
Uie posts sinking into the ground. Now they are more 
generally trusses, where the beams abut on each other, and 
are relieved from transverse strains. But many performances 
of eminent artists are still very injudiciously exposed to cross 
strains. We may instance one which is considered as a fine 
work, viz. the bridge at Walton on Thames. Here every 
beam of the great arch is a joist, and it hangs together by 
firaming. The finest piece of carpentry that we m ^ seen 
is the centre employea in turning the arches of tht bridge 
At Orleans, described by Perronet. In the whole there is 
not one cross strain. The beam, too, of Homblower's 
steam-ermine is very scientifically constructed. 

Strain pro- JV. The last n>ecies of strain which we are to examine 

duced by |^ ^g^ produced by twisting. This takes place in all axles 

twisting, ^jjj^jj connect the working parts of machines. 

Thereiiflt- Although we cannot pretend to 

ance mutt have A very distinct conception of 

be proper- ^j^^ modification of the cohesion 

IhL nii^ of a body by which it resists this 

ber of par- Idnd of strain, we can have no doubt 

tidei. that, when all the particles act alike, 
the resistance must be proportional 
to the number. Therefore if we 
suppose the two parts ABCD, 
ABFE (fig. 22)» of the body EFCD to be of insuperable 
strength, but cohering more weakly in the common surface 




Fig. 22. 
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AB, and that one part ABCD is pushed laterally in the StrengtJi of 
direction AB, there can be no doubt that it will yield only Material!. 
there, and that the resistance will be proportional to the 
surface. 

In like manner, we can conceive a thin cylindrical tube, 
of which KAH (fig. 23) 
is the section, as cohering Fig. 23. 

more weakly in that sec- 
tion than anywhere else. 
Suppose it to be grasped 
in both hands, and the two 
parts twisted round the 
axis in opposite directions, 
as we would twist the 
joints of a fiute ; it is plain 

that it will first fail in this section, which is the circum- 
ference of a circle, and the particles of the two parts which 
are contiguous to this circumference will be drawn from 
each other laterally. The total resistance will be as the 
number of equally resisting particles, that is, as the cir- 
cumference (for the tube being supposed very thin, there 
can be no sensible difference between the dilatation of 
the external and internal particles). We can now sup- 
pose another tube within this, and a third within the se- 
cond, and so on till we reach the centre. If the particles 
of each ring exerted the same force (by suffering Uie 
same dilatation in the direction of the circumference), the 
resistance of each ring of the section would be as its cir- 
cumference and its breadth (supposed indefinitely smdl), 
and the whole resistance would be as the surface ; and this 
would represent the resistance of a solid cylinder. But 
when a cylinder is twisted in this manner by an external 
force applied to its circumference, the external parts will 
suffer a greater circular extension than the internal ; and it 
appears that this extension (like the extension of a beam 
strained transversely) will be proportional to the distance 
of the particles from the axis. We cannot say that Uiis is 
demonstrable, but we can assign no proportion that is more 
probable. Tliis being the case, the forces simultaneously 
exerted by each particle will be as its distance from the 
axis. Therefore the whole force exerted by each ring will 
be as the square of its radius, and the accumulated force 
actually exerted will be as the cube of the radius; that is, 
the accumulated force exerted by the whole cylinder, 
whose radius is CA, b to the accumulated force exerted 
at the same time by the part whose radius is C£, as CA' 
toCE«. 

The whole cohesion now exerted is just two thirds of 
what it would be if all the particles were exerting the same 
attractive forces which are just now exerted by the particles 
in the external circumference. This is plain to any person 
in the least familiar with the fluxionary calculus. But such 
as are not may easily see it in this way. 

Let the rectangle ACca be set upright on the surface of 
the circle along the line CA, and revolve round the axis 
Cc It will generate a cylinder whose height is Cc or Ao, 
and having the circle KAH for its base. If the diagonal 
Ca be supposed also to revolve, it is plain that the triangle 
cCa will generate a cone of the same height, and having for 
its base the circle described by the revolution of oo, and the 
point C for its apex. The cylindrical surface generated by 
Aa will escpress the whole cohesion exerted by tlie circum- 
ference AHK, and the cylindrical surface generated by £« 
will represent the cohesion exerted by the circumference 
ELM, and the solid generated by the triangle CAa will re- 
present the cohesion exerted by the whole circle AHK9 and 
toe cylinder generated by the rectangle ACca will represent 
the cohesion exerted b^ the same surface if each particie 
had suffered the extension Ao. 

Now it is plain, in the first place, that the solid generated 
by the triangle e£C is to that generated bv aAC %% EC* to 
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Btrength of AC. In the next place, the solid generated by aAC is the straining force p u supposed to act; we bhall have Strcurlo.l 

Mat«rul«. t^ro thirds of the cylinder, because the cone generated by _. , _„ , , _ d» JUu-n. ,. . 

^ ^ eCa is one third of it F x i«P=;»A andF^ =/>. ^-^ 

We may now suppose the cylinder twisted till the par- , .u .. ^v .. _v ^ i u ».• t. 

tides in 4e external circupiference lose their cohesion. . Wc see m general that the strengUi of an axle, by whidi 

There can be no doubt that it will now be wrenched asun- >t resists being wrenched asunder by twisUng, is as the cube 

with what der, all the inner circles yielding in succession. Thus we *" IH °'*"**f' ' . , .. . , , _, . _,. 

force a bo- obtain one usefol information, viz. that a body of homogene- ^e see also that the mtenial parts are not ««M»g » 

•Jy "f • ^ 0U8 texture resists a simple twist with two thirds of the force P'T*^""? " *? **f ™fc ¥ * JlS ? ^ ^^^^*- f ** 

'^^Z with which it resisu an attempt t* force one part laterally «»« "f ^a^f lU duuneter, the strength m dimmi^ed only one 

^Tri^-from the other, or with one-ttird part of the^rce which wghth. whde the quanUty of matter is dimmished one fourth. 

pie twirt. will cut it asunder by a square-ed^ tool ; for to drive a J^refore hoUow axle, are stronger than solid ones con- HoIIou 

square-edged tool thfougV a piece of lead, for instance, is ^"°8 ** T%*>T^ ^ii T a ^k"" L^ .! "T SS^^'it" 
Se same Is forcing a pilce of the lead as thick as the tool bf. «» and that of the hollow 4; then the diameter ors^.P^^l>^ 

laterally away from the two pieces on each side of the tool. *»**' "'J'^k?'.'"^*' ^"'""S ^t!*T.^'^vA^ °v T /^ 

Experiments of this kind do not seem difficult, and they JJJth tiie tube « 8. The strength of Ae solid cylinder of 

would give us very useful information. *« ^'^^ « 'fl ^ exp^ssed by Sfl. or 125. Of Au 

The force. When two cylinders AHK and BNO are wrenched asun- ^e 'ftenwJ part (of the d«««>et«- 4) exerto 64 ; therefore 

nust <include that the external pwticles of each ^^'^''^ of the tube is 125-64 = 61. But the strength 

and now 
the sauares tnat in tne instant oi rraciure me Bum-iouu ui uie iutix9 o - -. - » i ^i. , /. ^ . ,r*»nprHi]r 

MX! actually exerted are as the squares of the diameters. CT^* i? ** K "^"^ ""? »^^ •^" ?f "i?^™" "" ^ 

meter* For drawing the diagona? Ce, it U plain that Ee = Aa '^^ made hollow when tbeir size will achmt of it. They have 

expresses the distensio? of the circumference ELM, and theaddiUona^advanta^ofbeingmudi8tiffer,andof«&rd^ 

thit the solid generated by the triangle CE* expresses the «°« «n»^»» better fixture for the flanches whidi «? J-fd for 

cohesion exerted by the sWace of the circle eJIm, when connecunj them with the wheeU or levers by which Oiey 

the particles in the circumference suffer the extension E* f « *»^^ «n«J •*"'»«»• .The supenonty of steength of 

eq J to Ao. Now the solids generated by CAa and CE« ^?"?*.^"'»«? »'«' «'',! 'f"'^" "»^"** greater m thu 

Sing respectively two thirds of the corresponding cylinders, •«««> ff «'«"'' ^han «>*« former " tn^svewe. In tha last 

are Mthesouares of the diameters. case the strength of this tube would be to that of the solid 

Relative Having tSua ascertained the real strength of the section, «=yUnde' "f ^^ *«ght as 61 t» 32 and a half nearly. 

strength, of a„d its riUtion to its absolute lateral strength, let us exa- . The opparatua which we mentioned on a former o«»sion 

the secuon ^^^ .j, ,4,^^^ ^^^^^ ^^ ^^^ external for'ie employed to fo' *^^A 'j'^ ^Tt'l^^ ^""t ""fA^A-"^ 

to the ex- , , . ™. 9 .„:„.,:„_ :. _^.^ .;™r.i^ »n »ha mla nn. ter, enabled us to try this theory of twist with all desirable 

ternal force break it This examination is very simple to the rase un- '^ .p. u„' i,j„u t.' j-^ f^-, »!,„ _:_ i_ .u. 

employed der cons deration. The straining force must act by some f*^' *"« •>" ""l™ "l™* aown trom tne pin m tne 

I Erikit lever, and the cohesion must op^ it by acting on some «*?«[ ^» '^".»°7 P^^ f » honzontol position, and 

other lever. The centre of the lection may be flie neutral loaded wiUi a weight at the extremity. Thus it acted « «T'.« n, ,0 

Doint whose nosition is not disturbed powerful lever, and enabled us to wrendi asunder gpeci-O' f «*"•'• 

Let F be Se force exerted laterally by an exterior par- "ej* «f the strongest materials. We found the resulttJ-^I^^J,^ ,., 

tide. Let a be the radius of the cylinder, and « the indeter- P^*S» 7 "'"'^"Sf^'*, '*L?l?*^'?Jr" " «« " '» deter-^h, ,;„,,,„ 

minate distance of any drcumference, and dx the indcfinitdy ?»'»«> »«« proportional sh^ngth of different sizes and fonns;i.,eral re- 

small interval between the concentric arches; that is. let »>«* we found the ratio of the resistonoB to twisUng to the.«ten<v.p- 

dx be the breadth of a ring and x iU radius. The forces simple Uteral resistance considerably ddferent, and it wasP*^- -i" 

being as the extensions, and the extensions as the distances «>'D? ^!^, before we discovered the cause. ' 

from the axis, the cohesion actually exerted at any part of . We had here taken the simplest view that is ^ble of 

'^ the action of cohesion m resisting a twist. It is frequently 

any ring wUl be/—. The force exerted by the whole f '^erted in a very different way. When, for instance, an 
*^ *^ a iron axle is joined to a wooden one by being dnven into one 

ring (being as the circumference or as the radius) wUl be e^^ of it, the extensions of the different circles of particles 

, >; are in a very different proportion. A little consideration 

f . The momentum of cohesion of a ring, being as will show that the particles in immediate contact with the 

^ iron axle are in a state of violent extension ; so are the 

the force multiplied by its lever, wiU be/-^. The accu- particles of the exterior surface of the wooden part, and the 

f^ ^ ''a intermediate parts are less stramed. It is almost impossible . 

^dx to assien the exact proportion of the cohesive forces exerl- 

mulated momentum will be the sum or fluent of /-^ ; ed in the different parts. Numberless cases can be point- 

^ ed out where parts of the axle are in a state of compression, 

tliat is, when :e = a, it will be \f^ = i/a^* '^^ where it is still more difficult to determine the state of 

^ the other particles. We must content ourselves with the 

The reritt- Hence we learn that the strength of an axle, by which deductions made from this simple case, which is fortunate- 

ance of the it resists being wrenched asunder by a force acting at a ly the most common. In the experiments just now men 

fh^^ ^^yl f S^v^i) distance from the axis, is as the cube of its diameter, tioned, the centre of the circle is by no means the neutral 

ito dUn^-^ But, further, i/o* is =/a* X I a- Now/cr" represents point, and it is very difficult to ascertain its place ; but But when 

^r. * the full lateral cohesion of the section. The momentum when this consideration occurred to us, we easily freed thet^i^ ex peri. 

therefore is the same as if the full lateral cohesion were ac- experiments from this uncertainty, by extending the l^^^^teredT^ 

cumulated at a point distant from the axis by one fourth of to both sides, and by means of a pulley applied eaual force ^^ exact- 

the radius, or one eighth of the diameter of the cylinder. to each arm, acting in opposite directions. Thus tne centre ]y the Mioe 

Therefore let F be the number of pounds which measure became the neutral point, and the resistance to twist was 

the lateral cohesion of a circular inch, d the diameter of the found to be two thirds of the simple lateral strength, 
cylinder in inches, and / the length of the lever by which We beg leave to mention here, that our success in these 
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strength of experiments encouragea us to extend them much farther. 
Materials. We hoped by these means to discover the absolute cobe- 
^^^^/^^ sion of many substances, which would have required an 
F.xperi- enormous apparatus and a most unmanageable force to tear 
nients on them asunder directly. But we could reason with confi- 
chaik, clay, jgucg from jj^g resistance to twist (which we could easily 
aatisft^' measure), provided that we could ascertain the proportion 
of the direct and the lateral strengths. Our experiments 
on chalk, 6nely prepared clay, and white bee's wax (of one 
melting and one temperature), were very consistent and 
satisfactory. But we have hitherto found great irregulari- 
ties in this proportion in bodies of a fibrous texture like 
timber. These are the most important cases, and we still 
hope to be able to accomplish our project, and to give the 
public some valuable information. This being our sole 
object, it was our duty to mention the method which pro* 
mises success, and thus excite others to the task ; and it 
will be no mortification to us to be deprived of the honour 
of being the first who thus adds to the stock of experi- 
mental knowledge. 

When the matter of the axle is of the most simple tex- 
ture, such as that of metals, we do not conceive that the 
length of the axle has any influence on the fi'acture. . It is 
otherwise if it be of a fibrous texture like timber ; the 
fibres are bent before breaking, being twisted into spirals like 
a corkscrew. The length of the axle has somewhat of the 
influence of a lever in this case, and it is more easily wrenched 
asunder if long. Accordingly we have found it so ; but we 
liave not been able to reduce this influence to calculation. 
Many useful deductions might be made from these pre- 
mises respecting the manner of disposing and combining 
the strength of materials in our structures. The best form 
of joints, mortises, tenons, scarphs, the rules for joggling, 
taUing, faying, fishine, &c., practised in the delicate art of 
mast-making, are all roundea on this doctrine ; but the dis- 
cussion of these would be equivalent to writing a complete 
treatise of carpentry. 

The most recent experiments on the strength and elas- 
ticity of material give the results entered in the following 
tables : — 

I. — Distensions of Rods for a Strain of one Pound per 
Square Inch^ computed from the restdts given in Tred- 
goldy edition of 1840, €u deduced from observations on 
transverse strain. 

Oak 

Larch 

Scotch fir 

Aih 

rMemelfir 



Britiih timber. 



»¥virv 

virvTv 

ivvvvv 

Norway fir luwVv^ 

AmericaD pine tvvvv 

White ipmce »»lv^ 

Rig*<»k ^^^Vin) 

American oak vvivv 

Bngllah malleable iron nvvvvvv 

II. — Cohesive Strengths of Bars per Square Inch. 

lb. lb. 

Oak from 14,000 to 19,000 



Foreign timber 



Beech 

Ash 

Blm 

Mahogany 

Teak 

Pine (Norway). 

Larch 

Iron wire 

Swedish iron.... 
Bnglish iron.... 
Ca^iron 



» 



» 



11,000 

12,000 

13,000 

8,000 

8.000 

7,000 

9,000 

94,000 

53,000 

56,000 

16,000 



n 

»> 
II 
I* 

» 



f» 



tf 



22,000 
17,000 
14,000 
21,000 
16,000 
14,000 
10,000 
113,000 
78,000 
66,000 
88,000 



(j. B.) 



Practical Remarks, 



We now give a few remarks on the foregoing sub- 
jects, which may be of use to practical men who may not 



be acquainted with the higher branches of mathematics. Strength of 
It has been seen that the foregoing treatise has explained Materials. 
the limit of the strength of materials, and that they fail in ^^"^^v***^ 
three ways: — 1st, By tension, or being pulled asimder ; Failure d 
2d, By compression, or being crushed ; Sd, By transverse materiol. 
strain, or being broken across, either by heavy weights or 
other similar causes. 

With the first cause, the practical constructor has but'I^cnAio" 
little to do beyond consulting Mr Emerson's tables. They 
will afford a near approximation (quality being taketi int^i 
the account) for weights to be suspended by iron-rods and 
other materials ; but, since his time, iron-chains have been 
brought into much greater use, and iron wire-rope invented. 
It is impossible, in our space, to eive anything like the 
information that has been published on this subject ; our 
readers, however, will find &11 tables of the breaking weight, 
from 1 to 54 tons; the size in inches; the weight; and rela- 
tive cost per fathom of wire-rope, hempen-rope, and chain, 
in Weale's Engineer^ Pocket-Book, 

For the tensile strength of iron and steel, we must refer 
to a very valuable paper in the Transactions of the Ifistitt^ 
tion of Engineers in Scotland, by Mr Robert Napier, from 
experiments conducted by Mr David Kirkaldy, and the 
valuable tables subjoined thereto, just published. It would 
be impossible to give them in our limited space, as they 
extend over many columns of closely printed matter. It 
appears, however, that the breaking weight of bar-steel, per 
square inch of its original area, varied from 132,000 lb. to 
62,000 lb., while that of iron has varied from 96,000 lb. to 
44,000 lb. The like breaking weight of steel-plate varied 
from 96,000 lb. to 72,000 lb. ; and that of iron from 56,000 
lb. to 41,000 lb., and this is less than is generally pven to 
iron ; but it establishes the fact, that when used as bar 
and plate iron, for rough reckoning may be considered to 
have only about two-thirds the strength of steel. 

Practically it is seldom necessary to consider the weight Comprc« 
any bodies would bear without crushing, except the wooden ^ion. 
story posts, or iron columns that support the fronts of 
our houses, or the floors of our warehouses. The power 
of brick or stone to resist crushing being generally so 
very much more than those materials can have to carry, 
it does not come into the consideration of the builder, or 
engineer, except for very large works, where high profes- 
sional assistance ought always to be sought. It will be seen, 
by an inspection of fig. 17, that posts generally fail first Story 
by crippling or buckling ; and it is easy to perceive how any posts, 
horizontal strut placed opposite to F, to prevent the timber 
bending in that direction, must add important strength to 
the post AB ; and though it has been shown that Euler and 
his followers have pushed deductions drawn from such theo- 
ries to the verge of absurdity, still, to the practical man, 
this is matter of grave consideration. If in a shop-fi'ont, for 
instance, we can get a strong transom between the story 
posts 3 feet from the pavement, those posts are much 
stronger than if they rose from floor to bressummer without 
any cross strut, or stay. Formulae have been given again 
and again on the subject ; but as they necessitate involution 
and evolution to cubic, and sometimes biquadratic, powers, 
they should not be used except by skilled mathematicians. 
There are, however, some very valuable tables given in 
Barlow's Tredgoldj Nos. 16, 17, 18, and 19, for the scant- 
lings of story posts to carry the fronts of ordinary houses, 
from two to five stories high, placed at various aistances, 
from 4 to 8 feet apart, ranging from 8 to 16 feet in height ; 
and some excellent information in Nicholson's Carpentry ^ 
chap, ii., 212, &c., on story posts generally. 

Their superiority, in many points of view, has led to Iron 
the extensive use of iron columns. The best engineers, for coluioi». 
some years, have been occupied in making series of expe- 
riments on their bearing and breaking weights ; but none 
on HO mrge a scale as those of Mr Eaton Hodgkinson. The 
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Strength of results of which were communicated to the Royal Society 
Materials, first in 1840, and again in 1857; and which, by the kind- 
* •^'y*^^ ness of the author, are now before us ; with an Appendix 
Mr Hodg- up to the present time. We regret we have not space for 
u: >- j^jg valuable tables. The results, however, may be stated 
that he found that, in cylindrical pillars of cast-iron, the top 
and bottom of which were turned perfectly true and flat, 
the breaking weight varied as the 3*55th power of the diame- 
ter, and inversely as the l'7th power of the length, so that, 
instead of the dieory of Euler (commented on before in 

page 760), which comes out j^^ it was found to b6 
-p-pfi d being the diameter, and / the length. In hollow 

pilhrs, as jtt^ — » ^ *°^ ^i representing the outer 

And inner diameters, and this for cases where the lengths 
varied from 30 times the dimensions of the diameters to 120 
times. But as it continually happens that practical men wish 
to employ cast-iron columns, we must refer them to a series 
of eleven tables, given in Weale's Engineer^ Pocket-Booh ; 
and subsequently in his Contractor^ Price-Book, which 
give the lengths in feet, the load in hundredweights, and 
the extent or floor solid cast-iron columns will support from 
2 inches to 8 inches in diameter, and hollow columns from 
8 inches to 18 inches of various thicknesses of metal. 

In the third branch of our subject, transverse strains, 
we have first to regard those of beams of wood, and it has 
been shown that in breaking a beam of wood by any weight 
pulling downwards in the centre, that the upper haJf of the 
beam is in a state of compression, and the lower in a state 
of tension. The practical man will understand this better 
if he will take a small lead tube, or a piece of a bo/s rattan 
cane, and bend it downwards in the middle. He will find the 
top of the cane or tube will pucker up, the particles being 
crushed together, while the lower half will be torn asunder. 
In fact, we push together the fibres of the upper half and 
draw apart those of the lower half. From this simple fact 
all theories as to girders, whether of wood, or of cast or 
wrought iron are based. Several things must be borne in 
mind before we proceed ; first, that a beam will bear twice 
the weight equally distributed over its surface than if col- 
Proportion lected in the middle ; that a beam of double width will 
Df depth to only carry a double load, but a beam of double depth will 
width. g^jrry four times the load of a single beam. This may be 
understood by an inspection of fig. 8. If another beam of 
the same size were placed alongside of it, the two beams 
would do double the work of one ; but if the beam ABCD 
were of double denth, the two triangles EGe, FG/' would 
also be of double depth, and the power of the leverage of 
each would be doubled. 
If sap- If a beam of any given length and width be fixed in 

ported on a wall at one end only, it will break with half the weight a 
both ends, beam of half the length would bear, fixed at one end only. 
At one In other words, a fourth of its strength is taken away by 
^^^ removing the support fi-om one end. If the ends are well 

If ^^ so- wedged into a wall, instead of lying loose on the supports, 
the strength is much increased, as the ends which lie on a 
wall must " cock up ;" if the middle bends down while they 
are loosey but should they be kept down tight by the super- 
incumbent weight of the wall, they will counteract to a 
great degree the tendency to bending, and of course break- 
ing. The securing the ends of beams into walls is said to 
increase their power to resist breaking weight from i to ^. 
The formulae given by Tredgold are too abstruse 
^t** "«i f '^^ general purposes. There is, however, one given by 
a beam. ^ Nicholson which is simple, and not far from the truth. A 
number of experiments were made on pieces of various 
woods, each one inch square and a foot long, and the weights 
which broke them recorded. Then as this weight c : is to 
the length of any given beam in feet / : : so it the weight the 
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beam will have to bear (in pounds) W : to the breadth b mul- Strength a( 
tiplied into the square of the depth d of the intended beam ; MaterialR. 
OT as c 1 1 1 iW I b X d*. Any of these three being given, the ^"*^n^^ 
fourth is easily found. The breaking weight of Memel fir he 
gives as 330, that of oak he gives as 810, but this last seems 
too much. Suppose there is a warehouse 16 feet wide, the 
girders of which are 10 feet apart, and each superficial foot 
is to carry 8 cwt. or 336 lb. Then as each girder supports 
16 X 10=160 feet superficial, and as each ibot is to carry 
836 lb., the total weight to be carried is 53,760 lb. distri- 
buted over the whole, or half this 26,880 lb. in the centre. 
Then as 330 : 16 : : 26,880 : 1 303, or the breadth multiplied 
into the square of the depth. But this is breaking weight, 
and no timber ought to be used of less strength thanrour times 
this. Then 1303 x 4 -■ 5212, the least amount we ought 
to reckon upon. - Now we have our choice either to assume 
a breadth or a depth. Suppose we are confined to 17 

5212 
inches for the latter. Thenr= — r= « 18 inches very nearly. 

5212 
If we assume 15 inches as our breadth, then ■ ■ s= 347, 

Id 

the square root of which is nearly 19 inches ; so that we 
may have a girder 18 inches wide and 17 inches deep, or 
one 15 inches wide and 19 inches deep, as we please. 

As has been said before, formulse for calculating these Scantllngt 
have been given, but too abstruse for general practice. ^^ timber. 
Valuable tables, however, will be found both in Gwilt, En- 
cyclopedia {^Architecture, in Tredgold, and several other 
books, both for floors and roofs. For floors, in Gwiit, Art. 
2015 to 2022; in Tredgold, Tables Nos. 1 to 4 : for roofs, in 
Gwilt, Art. 2036 to 2040 ; in Tredgold, Tables Nos. 5 to 15. 
The former author seems to give stronger scantlinss in pro- 
portion than the second, but of course considerable discretion 
must be used, as we must take into account the weight of the 
covering and flatness of pitch. It must be remembered, 
also, that common joists are much strengthened by cross 
strutting, and all girders above 25 feet in length should be 
trussed. (See BuiLDma, pp. 157-158.) 

The strength of an inclined beam as a rafler has been Inclined 
shown to be as the cosine of the angle it forms with ****"*■• 
the horizon. Therefore the strength of the rafler AB, Art. 
Roof, fig. 3, is the same as that of a beam of similar scant- 
ling in a horizontal position of the length between the per- 
pendiculars of its two ends, as AF. 

The advantages of timber beams are, they do not Advan- 
shrink in length, and they show signs of fracture before **«** •°'* 
there is danger, and yield gradually if overioaded. The J^,™' 
disadvantages — they slirinkagreat deed in thickness, occupy timber 
niuch space, become rotten by time or damp^ and, worst of beams, 
all, are combustible. 

These circumstances have led to the use of cast-iron Iron beams 
as horizontal supports. The history of its introduction and 
use have been given in our foregoine articles, and at greater 
length in Mr Fairbairn's book. The Application of Cast 
and Wrought Iron to Building, just published. It will be 
therefore useless to enumerate the various stages of the 
invention. Suffice it to say, that from a simple flat plate of 
iron, which was the original form, and which in fiu:t was a 
simple imitation of a beiun of wood, a top and bottom flanch 
have by degrees been added, which have proved a great addi- 
tion of strength, as well as a saving of metal. We have be- 
fore explained in this page that the upper part j^ ^ 

of a beam, when it is intended to be bent, is in 
a state of compression, and the lower half in a 
state of tension. We must now add, that be- 
tween these there is a point afiected by neither 
of these forces, and which is called the neu- 
tral axis. If a parallel beam of the thickness 
of EG be widened as at AB, the power to ■— b8w»mh« ^ ^ 
resist compression becomes greater, and the C O ^^^g^ 

same thing happens with regard to tension if 'is*^ 
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s^rcnffth of the diickness of the flitch EG be increased, as at CD. What 
AiHtcrialM. {g called the "web" EF is principally of use to keep the 
flanches apart, and increase the resistance by increased leve- 
rage. The works of Messrs Hodgkinson and Fairbaim 
amply show examples of all tliese, which we should gladly give 
in extenso did our space permit; and though these are 
valuable for reference in special cases, the practical con- 
structor needs some tolerably simple rule to give him an idea 
what size an iron girder ought to be to support a given weight. 
A number of formulie have been published, the most elabo- 
rate, and perhaps the nearest the truth, is that of Mr H. 
Grissell, the eminent founder, in his evidence before the 
House of Lords, in which he takes into consideration the 
dimension of the top flange as well as that of the bottom. 
But by far the simplest is that of Mr Hodgkinson, adopted 
by Mr Fairbaim, viz. : — 

where Ws= breaking weight in the middle in tons. 

a=the section of the bottom rib or flange. 

d=the depth of the beam. 

/s=the length or distance between the supports (all 
these in inches). 

csa constant quantity derived firom the result of 
various experiments, which varies according 
to the quality of iron, and other causes, from 25 to 27*5, 
and is generally taken at 26. An example is given of a 
bridge girder at Manchester 26 feet or 312 inches in the 
clear of the 8up|)orts. The bottom flange CD is 16 inches 
wide and 3 inches deep. The whole depth A to C 27|> 
inches. Then /= 312 a « 48 d^27'5 and c a: 26, as above. 

Then 5755 = 110 tons, which is the breaking 

weight in the middle of the beam. No notice is here taken 
of the upper flange, but the omission is justified by the fact 
that the constant e lias been taken from frequent experi- 
ments on girders having top and bottom flanges of proper 
proportions, and that therefore it comes into the account 
one way if not tfi another. In very particular instances, 
however, we think it ought to be calculated, as, it is said, 
cast-iron has eight times greater power to resist compres- 
sion than tension. 

Much difierence exists among engineers as to the pro- 
portion the permanent safe- load has to breaking weight; 
some saying it shoidd be three times as much, others 
six, and some, where tliere is great momentum or impact, 
ten tiroes as much. It was confessed, however, in the 
former cases the formulse were fuller than ordinary. It 
is more common lately to take six times the load as the 
size on which to reckon. 

But as there are so many hidden defects in cast-iron, 
and when a &ilure takes place, as it gives no warning, 
but all goes to ruin at oni^e, and as there have been such 
fearful accidents with this material, every girder should be 
O^erproof. proved by placing actual weights on them. But this pre- 
caution may be carried to excess, for instances have been 
known where a sound girder has been strained in the proof, 
and has afterwards broken with a very small weight. A 
good authority has laid it down as a rule, that a girder 
should be designed to carry six times the load it is intended 
at any time to bear, and should be proved to three times. 
By this rule the girder just described should be proved in 
the middle to 56 tons, and never have more than 18^ tons 
in the centre, or 37 tons if the weight be equally distri- 
buted. It is well also to sound the girder throughout with 
a hammer, as they do railway axles. 

These are partlv of cast trussed with wrought-iron, 
but are seldom used except in very large structures. We 
fear, after all that has been said in their favour, that, as 
temperature changes, the particles of the two materials are 



9«fe load. 



Proof. 



Compoand 

l^irdcra. 



ofVen in a diflhrent state of tension, ana therefore they are Strength of 
very unsafe. We have, however, no space here to enter Materials, 
into the argument. ^^*"**v^*^ 

The suoden accidents arising from the failure of cast- Wrmight- 
iron, and their fearful results, have suggested the use"^"^?*'^* 
of wrought-iron ; and as its manu&cture is now so much ^"^ 
cheaper from the great improvements in rolling T and L 
iron, and in pimching and riveting machines, the wrought- 
iron girder is now a very important consideration to the 
designer of a building. We shall endeavour to give some 
short formule to guide the practical man, though, as has 
been said before, in all important works reference should 
be had to the higher branches of science. 

There are two sorts of wrought-iron beams now Wrought 
employed, generally called either plate-girders or box- girder, 
girders. Fig. 25 shows the former, and fig. 26 the latter. 
Neither have been in a ^ 




use long enough, nor 
have there been such a 
multiplicity of experi- 
ments on them, to afibrd 
such certain formulae as 
have been published for 
cast-iron beams. But ,„ 

we give what we gather e^^q 



» 
« 





to be a near approxi- ^ ^ '^7-^ 
mation of the theories ^t*^ Fif.«. 

just published as far as they go, and venture, under cor- 
rection of such authorities, to suggest they are incom- 
plete as regards the upper flange, just as in the former 
theories. Nay, more so, inasmuch as the upper flange 
requires to be the strongest in wrought-iron, that ma- 
terial being more easily compressed than rent by tension 
(which is just tfie contrary with cast-iron, where we have 
shown the lower flange ought to be of largest area). The 
constant e is given as 75. Taking the former formula, 

W ss —J— in a case where the length between the supports 

is 30 feet (or 360 inches), the depth 22 inches of j^ metal, 
and the bottom flanges 3x3 each, of 1^ inch metal (see 

fig. 25), we have ^^ — =27^ tons as breaking weight. 

From Mr Fairbaim's careful experiments, however, we 
should gather that 75 is a fair constant where the top flange 
has double the strength of the lower flange. 

The formulae collected for these is quite on another prin- Boi gird 
ciple from those of the plate-girder. Instead of regarding «n* 
the bottom flange alone, writers base their theories in 
the sectional area of the metal of top, bottom, and sides. 

Art C* 

and given as a formula W= — j — - Here A is the area 

of the entire cross-section (fig. 26). Now, as the girders vary 
very much in form, some being square in section, some flat, 
and some oblong, it follows that the constant C must vary 
according to each section ; and not only so, but with tlie 
relative strength of the top and bottom flanges. Experi- 
ments have shown where the top has been only half the 
strength of the bottom flange, the constant was as low aa 
under 10, but turning the very same girder bottom upwards, 
so that the top flange was then double the strength of the 
lower, a constant of nearly 18, or nearly double, was got 
out of the same section. Mr Fairbaim thinks that 21*5 is 
a fair constant to be reckoned for rectangular tubes, when 
the upper flange is double the strength of that below. Of 
course, these girders, like all others, ought to be proved ; 
but, as has been before explained, there is always a greater 
security about them than those of cast-iron. 

The formulae for these are the same as for plate-girders, Trellts 
but the constants varv enormously. Experiments show a girders 

2q 
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44 to 17. It tecoM, howwcK. to be the 
amnion of OMoy, tliji a wed oonstnicted trdlis frirder 
wamy be r^lmhtfeH to bear about half what a doee plate- 
prder of tbe Muiie dimennoo would cany ; bat at these 

little ised io buikiio^ we thaSk oot go Ibrtbcr into tbe Jtofol 



Am Btfiov, FiynfaiWifi m n«4^, 1835 ; dou 1837. Bontii, aoa, Fairtein, Gffvgory, 
A fHf y«r fifvoliie o» tU S(rem^ tf MaiariaU maed m BmUdimf, 
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apfo 1859, BodfkiflMi, tbe like, also ap to 1859. fjea, Strrmnk French Awmaka ; tbe Fraaklia 
«f AMfarfTUUcsoO. 1850. Meria, RiuttmmtM, dx^ 18531 Peiw« the Ardutrd nd Chril " 
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Deserip- Plate I. This plate exhibits the varieties of columns and 
tions of columnar composition which the ancient architecture of 
Plates. various countries presents, and is intended to elucidate 
their presumed derivation from the single pillar of the 
earliest records; together with specimens of ancient modes 
of structure. 

Fig. 1 presents an example of the single pillar or stone 
of memorial, the Maenhir or Monolithon ; fig. 2 of the 
demi- Dolmen or Bilithon ; fig. 3 of the Trilithon, an 
example afforded by Stonehenge ; and fig. 4 exhibits the 
immediately succeeding arrangement of pillars, with a 
continuous entablature. (^See page 6.) 

Fig. 5 shows the flank of the portico of the temple at 
Amaida in Nubia, consisting of square piers or pillars as 
in fig. 4, and a cylindrical column, which is evidently 
formed of a similar pillar by working off its angles, the 
abacus and plinth remaining of the same size and form 
of which the pillars are ; as also at Bent-Hassan, page 34. 

Fig. 6^ pillars with a plain entablature as in fig. 4, from 
the Rhamesseion at Thebes. The statues placed before 
the pillars most probably gave rise to the use of such 
figures to support an entablature, which these have the 
appearance of doing when seen in front. {See page 84.) 

Fig. 7, an early Egyptian columnar composition, from 
Thefa^ also. In this, as in the example at Amada, the 
square abacus shows the form and size of the original 
pillar out of which the singular bulbous column has been 
sculptured* 

Fig 8, piers of one of the cavern temples of Ellora. 
These likewise exhibit the tendency to the cylindrical 
form, and may be assumed as an example of the style of 
architectural columnar composition at the time they were 
executed. {See page 38.) 

Fig. 9, ancient Hindoo columnar piers, in the Mokundra 
Pass, firom Colonel Tod's second volume of the Annals of 
Rajasfhan. The similarity in character which exists be- 
tween these and the piers at Ellora in the preceding ex- 
ample, tends to strengthen the remark accompanying 
them, and affords proof of their contemporaneousness. 

Fig. 10, Doric columns and their architrave from the 
ruins at Corinth, being the earliest known example of 
their style. 

Fig. 11, ancient Persian columns from Persepolis, in 
front and in profile, the latter showing the mode in which 
they were probably made to receive an entablature, 
though it is stated that the capitals are wrought on the 
backs in such a manner as to render it improbable that 
they were ever intended to have anything placed on them. 

Fig. 12, columns in front of the rock sculptures at Mun- 
dore, in Marwar, from Colonel Tod's first volume. 

Fig. 13, from the ruins of Bheems Chlori, also in the 
Mokundra Pass, from Colonel Tod's second volume. 
These present another variety of Hindoo columnar com- 
position of early date, though later, it is probable, than 
the example, fig. 9, supra. Figs. 14 and 16 exhibit the 
modes of structure described in the text at page 147 ; 
and fig, 1 5 is a view of the entrance to the great pyra- 
mid at Memphis, firom Denon, and shows the mode of its 
structure. 
Plate II. An example of the Egyptian style, sufficiently 
explained at page 31, «/ «e^. 



Plate III. The view of the Parthenon in its present state Dewrip- 
is from an original drawing made on the spot in the year tlons of 
1821, by Mr W. W. Jenkins. It consequently exhibite ^ J'***^- 
the appearance of the splendid ruin before the disasters of 
the last revolution befell it, as the restored view, under the 
same aspect, does of the structure in its original state. 
This is introduced as a frontispiece to the subject, as 
being an acknowledged master-work of architecture, as 
well as to enable the reader the better to understand the 
details of the style of which it is an example, and the 
composition of that class of structures of which it may be 
reckoned the principal. 
Plate IV. A Greek Doric octastyle, peripteral, and hy- 
psethral temple, with the details of the Parthenon. The 
plan (fig. 3) is that of the Parthenon {vide Plate III.) 
slightly modified, the better to include the class to which 
it belongs. In the Parthenon, the opisthodomus has six 
columns, as in the pronaos, and not four in aniis, as here 
laid down : this, however exhibits the ordinary mode of 
arrangement. The internal columns are arranged in this 
plan as they are generally found in other similar struc- 
tures ; and the pedestal for the statue of the divinity is 
placed in its most probable position. 

Fig. 1 shows part of the flank of the temple and the 
internal composition of the hypsethral cella with its upper 
range of columns or attic, of the inner chamber or trea- 
sury, and of the opisthodomos and posticum: much of 
this, however, is necessarily taken at a venture, because 
of the imperfect state of the remains of the Grecian edi- 
fices. 

Fig. 2 exhibits an elevation of the opisthodomus be- 
hind the outer range of the portico, not according to the 
Parthenon, but in aniis. 

Fig. 3 is the plan. In front, on the lefl-hand side, is 
the entrance portions ; behind this is the pronaos ; within 
the pronaos is the hypsethral naos or cella, the middle 
* space between the columns being open ; the spaces be- 
tween the columns and the walls on eiUier siae are co- 
vered ; doors (these are not generally laid down to the 
Parthenon, but are assumed as probable) lead to the inner 
chamber, sfud to be the treasury, — ^this is by some called 
the opisthodomus, into whfch it opens, and the opistho- 
domus stands in the same relation to the posticum that 
die pronaos does to the portions. 

Fig. 4 is the external order of the Parthenon ; fig. 5, 
the profile of its corona to a larger scale, to show its de- 
tail ; fig. 6^ a half-capital of the same, enlarged also, with 
its annulets larger still. 

Fig. 9 is the order of the pronaos ; fig. 8, the profile 
of its corona enlarged } fig. 7, its capital enlarged, with 
the annulets still larger. 

Fig. 10, the antse cap enlarged ; and fig. 12 a half-plan 
of a column of the Parthenon, showing the contour of 
its flutes. ( Vide page 45, ei seq.) 
Plate y. A Greek Doric hexastyle, peripteral, and dei- 
thral temple, with the details of the temple of Theseus 
at Athens. 

Fig. 1, front elevation of the temple. 

Fig. 2, section behind the outer range of the portico, 
showing the elevation of the pronaos. 

Fig. 3, plan of the temple. The arrangement of the 
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porticos here (to the left) . is pseudo-dipteral ; a space 
equal to two intercolumniadons and the intervening 
column being lefl between the external range and the 
front of the pronaos, — the projection of the posticum is 
irregular. 

Fig. 4, the external order of the temple of Theseus, 
with a Imlf-plan of the column ; fig. 5, the profile of the 
corona enlarged ; fis. 6, half the capital enlarged ; fig. 
7) half the capital of the order of the pronaos enlarged 
also ; fig. 9, the ante, with profiles of the outer and inner 
entablatures of the pronaos, — this shows also the arrange- 
ment of the ceilings. 

Fig. 10, enlarged profile oftheantsecap. 

Fig. 1 1, inverted plan of part of the ceilings of the por- 
ticiis and pronaos, showing tne arrangement of the coffers, 
lacunK, or cassoons. 

Fig. 12, inverted plan of the planceer of the cornice, 
showing the form and arrangement of the mutules of the 
external entablature. 

Fig. 13 is a plan of the trigfyphs of the same on an 
external angle. 

Figs. 8 and 14 are enlarged plans of the flutings of the 
columns, to show their contours. ( Vide p. 45, ei seg,) 
Plate Vl. A Greek Ionic hexa-prostyle apteral temple, 
with details of the temple of Erechtheus at Athens. 

Fig. 1, elevation of the portico. 

Fig. 2, rear elevation of the temple, showing an at- 
tached tetrastyle tfi antis^ with windows as they exist in 
that of the temple of Erechtheus. 

Fig. 8, flank elevation. The dotted projection to the 
right of the posticum indicates the amphiprostylar ar- 
rangement, which b shown on the plan Qg, 4 also, and in 
die same manner. 

Fig. 6, the order of the temple of Erechtheus, except 
the two lowest steps of the stylobate, which may be easily 
supplied, to a larger scale, witli indications of the carved 
mouldings, &c. 

Figs. 6, 7, and 8 are enlarged profiles of those parts of 
the entablature which are immediately behind and above 
them. 

Fig* 10, the antse of the same example, showing the 
ornament which enriches its necking, and runs along the 
flank of the edifice ; fig* 11| profile of the ants cap en- 
larged. 

Fig. 12, flank elevation of the capital ; all the vertical 
beads in this are carved. Fig. 13, transverse section of 
the capital. 

Fig. 14, half the longitudinal section of the capital. 

Fig. 16, an inverted plan of tlie capital, showing the 
arrangement of the flutings. 

Fig. 16, an inverted plan of one of the angular capitals. 
{Vide p. 47, ei seq,) 

Fig. 9, The Ionic volute, enlarged to show the mode 
of striking it, and the contour of its face. 
Plate VII. Fig. 1, the elevation, fig. 2 the plan, and fig. 3 
the details, of the order of the Choragic Monument of 
Lysicrates at Athens. ( Vide p. 48.) 

Fig. 4 presents the elevation, and fig. 5 the plan, of 
the Caryatic prostyle, which is attached to the flanks of 
the temple of Erechtheus at Athens. 

Fig. 6 shows the details of the hands and feet of the 
figure, and of the entablature and stereobate of the same. 
{Vide p. 49.) 
Plate VIII. contains Greek and Roman mouldings, with 
their usual enrichments, all drawn from ancient examples, 
and detached profiles of them all, together with two ex- 
amples of Greek and one of Roman ornament. The 
specimen of Greek ornament on the lefl hand of the 
centre is from the neck of the ants cap of the tetrastyle 
portico on the flank of the temple of Erechtheus, gene- 
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rally known as that of Minerva Polias ; and the other DMcrip- 
half of the same is the enrichment of the neck of the ^<hu<^ 
antse of the temple of Erechtheus itself, as shown in Plate 

X. figs. 3 and 10. The Roman specimen of ornament 
is that of the frieze of the temple of Antoninus and 
Faustina in Rome. {Vide Plate IX. Ex. 3, fig. 1, and 

page 71.) 
Plate IX. Four Roman examples of the Corinthian order. 
Ex. 1 is that of the temple of Jupiter Stator in Rome ; 
Ex. 2 is that of the temple of VesU at Tivoli {vide Plate 

XI. fig. 9) ; Ex. 3 is that of the temple of Antoninus 
and Faustina {vide Plate IX. fig. 1) ; and Ex. 4 is the 
example of the portico of the Pantheon in Rome 
{vide Plate XI. figs. 2, 3, 4, and 5). To every example 
fig. 1 shows the details enlarged, the shafls being cut 
away ; and fig. 2 the elevation of the column and enta- 
blature. In every case, also, the distance from the inner 
surface of the column, fig. 2, to the vertical line dividing 
the examples is one half the intercolumniation at which 
that example is composed. ( Vide pp. 57, 70, ei seq.) 

Plate X. Examples of the Roman orders. Ex. 1 is the 
Corinthian of the temple of Mars Ultor ; Ex. 2 the 
Composite of the Arch of Titus {vide Plate XI. fig. 1 1) ; 
Ex. 3 the Ionic of the temple of Fortuna Virilis (vide 
Plate XI. fig. 12) ; and Ex. 4 the Doric of the Theatre 
o£ Marcellus, completed from that of the Colosseum. 
All of these are in Rome. Fig. 1, as in Plate IX., 
shows the entablatures, capitals, and bases, &c., on an 
enlarged scale; and fig. 2 the complete elevation of 
each order, except their stylobates, some of which are 
not ascertained, and those which are may be obtained 
from the structures they are referred to in Plate XI. 
( Vide pp. 57, 70, ei seg,) 
Plate XI. Elevations, plans, and sections of sundry Ro- 
man edifices, all drawn to the same scale. 

Fig. I is a longitudinal elevation of the Colosseum. 
{Vide p. 53,^ 

Fig. 2 is tJie front elevation, fig. 3 the flank elevation, 
fig. 4 a section, and fig. 5 the plan, of the Pantheon. 
The dotted lines before the recess opposite the entrance, 
fig. 5, show the places the outstanding columns originally 
occupied. ( Vide pp. 54 and 58.) 

Fig. 6 is the front elevation, fig. 7 the plan, and fig. 8 
the flank elevation, of the temple of Antoninus and 
Faustina ; of this the front steps and stylobate are re- 
storations. {Vide p. 58, and PI. IX. Ex. 3.) 

Fig. 9 is the plan and elevation of the temple of Vesta 
at Tivoli ; of this the antefixse and roof are restorations. 
(riV/tf PI. IX. Ex.2.) 

Fig. 10 is the plan and elevation of the triumphal arch 
of Septimius Severus. ( Vkle p. 61.) 

Fig. 1 1 is a plan and elevation of the Arch of Titus. 
( Vide ui sup. and PI. X. Ex. 2.) 

Fig. 12 is a plan and elevation of the temple of For- 
tuna Virilis. ( Vide p. 59, and PI. X. Ex. 3.) 
Plate XII. Plans, sections, elevations, &c., of Roman 
mansions from PompeiL 

Fig. I is a plan of one of the most extensive and most 
regular of the domestic structures of Pompeii, with its 
immediate vicinage ; it is known as the house of Pansa. 
The following nomenclature is generally that of Sir 
William Gell: — 1, The entrance or recessed porch; 2, 
the vestibule ; 3, the cavsedium or atrium ; 4, the oomplu- 
vium or well for receiving the rain from the roof covering 
this part of the house {vide fig. 2) ; 5, penaria, or perhaps 
cubicula ; 6, als or wings ; 7, tablinum or parlour ; 8, 
pinacotheca, or perha|)s the library ; 9, a passage fh)m 
the first to the second atrium without passing through the 
tablinum ; 10, cubiculum or bed-chamber ; 11, persisty- 
lium or oicus — the house ; 12, impluvium {vide svp, in 
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4, ei fig. 2) ; 13, exhedrae or alse—in these the siesta 
was taken — they were also used for conveniation ; 14, 
cellae familiarics ; 15, triclinium — ^liere couches and seats 
were placed, and company received ; 16, lararium or 
receptacle for the family gods ; 17, cubiculum ; 18, hall 
to the gyneeceum or women's apartment ; 19, the gynse- 
ceum---diis is believed by some to be a distinct house, 
and not a part of that of Pansa ; 20, portions or pegula ; 
21, hortus or garden ; 22, a passage from the oicus to 
the pegula and garden, to avoid the necessity of pass- 
ing through the triclinium ; 23, kitchen ; 24, storeroom 
or larder ; 2*5, an open court, communicating with the 
street by a doorway. This comprehends the whole of 
the apartments, &c., appropriated to domestic use — the 
■ residence ; the other portions of the edifice are distinct 
from it. 26 is another smaller house ; 27, a passage 
leading to the house of Pansa from the street on the 
right-hand side ; all the places marked 28 are shops open 
to the street, as shown in the elevation, fig. 3 ; the rooms 
marked 29 are storerooms to the shops into which they 
open ; 30 is a bakehouse, in which the mills, &c., are 
indicated as they exist; 31 is the oven ; in the angle of 
the two adjoining streets on the left-hand (33) is the 
shop of a seller of wine and hot drinks ; 33 is a fountain. 
The walls indicated on the other sides of the streets 
surrounding the houses, &c., of Pansa, are the fronts of 
shops and of some private houses, &c« 

Fig. 2. is a section through the house of Pansa from 
the street to the garden, showing the manner in which it 
is probable the roofs, &c., were arranged. 

Pig. 3 is the probable elevation of the entrance front 
of this mansion, though the sketch (fig. 4) of part of the 
same in its present state shows how slight the evidence 
for it is. 

Fig. 6 is an outline of the side of a room, with the or- 
naments, &C., with which it is decorated. This is an 
average specimen : many were much plainer, and some 
were more enriched. 

Fig. 6 is the plan of an ordinary sized house in one of 
the private streets of Pompeii ; the iises of the various 
parts may be generally gathered from those of the simi- 
lar portions of the house of Pansa* The word Salve, 
printed across the threshold, is there wrought in mosaic. 

Fig. 7 presents the presumed arrangement of the roofs, 
&€., of this house in section. 

Fig. 8 is the elevation of it towards the street. This 
cannot really have been better than it appears here, and 
such must have been the ordinary avenge appearance 
of the street fronts of Pompeian houses. ( Vide p. 55, 
eiseo.) 
Plate aIII. Fig. 1, an example to show how the term order 
is applied, and what parts of it the various technical 
terms are applied to, or are intended to indicate. 

Figs. 2, 3, 4, 5, and 6, are the orders of the Italo- 
Vitruvian school as arranged by Palladio; fig. 2, the 
Tuscan ; fig. 3, the Doric ; fig. 4, the Ionic ; fig. 5, the 
Corinthian ; and fig. 6, the Composite. {Vide p. 61.) 
Plate XIV. Varieties of Italian composition from existing 
Btnictures in Italy and elsewhere, in the Italian style. 

Figs. 1, 2, 3, 4, and 5, are windows of various form 
and arrangement. 

Figs. 6, 7, 8, and 9, are doors of various composition, 
with plans to show their arrangement and ichnographic 
projections, &c. 

Figs. 10, 11, 12, and 13, are arches and arcades, rus- 
ticated and with columns, &c The plans show their 
forms and ichnographic projections. {Vide p. 62, ei 
mq.) 
Plate XV. Front elevations alone ofthe fronts of St Paul's 
in London and St Peter's in Rome. These two struc- 



tures exhibit many ofthe peculiarities ofthe ecclesiastical Descrip- 
architecture of the Italian school. In this plate their ^^^"' ^^ 
comparative magnitude has not been attended to ; they ^ _ ^' 
are arawn to difierent scales to bring them more nearly 
ofthe same size, so as to render the contrast more effec- 
tive. ( Vide pp. 27, 67, ei seq.) 

Plate XVI. Flank elevations of St Peter's and St Paul's, 
drawn to the same scale, to show their comparative mag- 
' nitude, and to enable the reader to judge of their respec- 
tive merits, as well as to elucidate observations which 
will be found in the text passim. ( Vide pp. 27, 67, &c.) 

Plate XVII. Elevations of three esteemed Italian mansions. 
The merit of this (the principal) elevation of the Farnese 
Palace is divided between Antonio Sangallo and M. A. 
Buonarotti. The Villa Giula, near Rome, is esteemed 
one of the best works of Giaoomo Barozzi da Vignolia ; 
and the villa Capra, near Vicenza, by Palladio, is, by the 
admirers of his style, considered the most perfect of his 
works. ( Vide p. 62, &c) 

Plate XVIII. A series of arches in the Norman and Pointed 
styles, from various structures in England. It exhibits 
the advance of the circular arch from the plainness ex- 
hibited in figs. 1 and 2, to the richer and more compli- 
cate arrangements of those examples which follow, until 
the ingrafting and gradual advance of the pointed arch. 
This first appears in fig. 10. Fig. 12 shows the substi- 
tution of the latter for the circular of fiff. 9 in a similar 
oomposition. Fig. 13 exhibits the pointed arch on Gothic 
pillars or columns; and fig. 14 the perfected pointed 
arch with the clustered shails which become identified 
with the Pointed style. ( Vide " Glossary.") 

Plate XIX. The elevation ofthe south transept of Beverley 
Minster. This afibrds a perfect and beautiful example 
of external composition of the first period of Pointed 
architecture. The presenceof the circular arch embracing 
the pointed arches of the doorway, and composing with 
others, shows how gradual the advance of the new style 
was ; the upper part of the front showing also how com- 
pletely it was already systematised when the circular arch 
was not yet quite discarded . The plan of this front shows 
the various ichnographic projections, and the arrange- 
ment of the clustered shafts of the doors and windows. 
Fig. 2 is a niche in front of, and fig. 3 a pinnacle to, one 
of the buttresses of the nave of the same edifice : these 
are of the second period. Figs. 4, 5, 6, 7> and 8 are 
windows from various edifices, showing the gradual ad- 
vance from the plain lancet arch ofthe Beverley Minster 
transept to the arch the most elaborately enriched with 
tracery. Fig. 4 is but a modification of the composition 
ofthe doorways of fig. 1, as that of figs. 9 and 12, Plate 
XVIII.; and the advance from that may be almost termed 
natural. 

Plate XX. Fig. 1 is a sectional compartment of the nave 
of Lincoln Cathedral ; it exhibits the mode of internal 
composition peculiar to the style of the first period; 
tending, however, to the Transition, it will be observed, 
in many particulars, and as a comparison of it with the 
adjacent example, of the next period, will more clearly 
show. 

Fig. 2 is a similar sectional compartment of the choir 
of Lincoln Cathedral, exemplifying the internal compo- 
sition of the second period of the Pointed style ; the 
plans of the shafts to both examples show their forms 
and arrangement. The subject of the last three plates 
are drawn entirely, by his kind permission, from Mr 
Britton's Chronological Bisiory of Ecclesiasiical Archi* 
ieeiure, 

Plate XXI., the front of York Minster, exemplifies the ex- 
ternal composition of the second period, as that of Bever- 
ley Minster transept (PUte XIX. fig. 1) does that of 



y 



310 



ARCHITECTURE. 



Descrip- 

tiontof 

PUta0. 



the first period ; and the difference will be rendered very 
clear by ooniparing them. The upper parts of the towers 
of the front of York Minster, however, it must be 
remembered {tfide pp. 66, 67), are of the third period, 
and so is the central tower which appears in the distance 
between them. 

The front of Pisa Cathedral is here introduced in con- 
trast with that of York Minster, to show the striking dif- 
ference which exists between the real Gothic architecture 
of Italy and the Pointed style which superseded it so 
completely, in this country particularly, and to elucidate 
our observations to that effect at pages 19, 2^. The 
cupola which appears behind and in, the distance is sur- 
rounded at the base by pointed arches and pinnacles, all 
of which are evidently of much later date than the Gothic 
front 
Plate XXII. Fig. 1 is an elevation of Westminster Hall. 
It exemplifies the style of external composition of the 
third period. It was selected because of the variety of 
matter it contains elucidatory of the period to which it 
belongs particularly, and of the Pointed style generally. 
The door, windows, and canopied tabernacles on the 
second story of the towers, are peculiar; the lower 
tabernacles are more general, and the pinnacles, crockets, 
corbels, tablets, &c.,^ may also be taken in exemplification 
of such things in the style generally. 

Fig. 2 is a plan of the front, showing the ribs of the 
groined entrance, the lower projections of the taber- 
nacles, &c. 

Fig. 3 is one of the flying buttresses of the flank of 
the edifice. 

Fig. 4 is a spandrel of the entrance porch enlarged. 

Fig. 5, crockets of the gable running from the towers 
to the crowning turret, enlarged. 

Fig. 6, part of the head of one of the upper windows 
of the towers, enlarged. 

Fig. 7, a foliated heraldic panel from under the pedes- 
tals of the lower tabernacles or niches of the front, 
enlarged. . 

Fig. 8, canopies and pinnacles, &c., of the lower taber- 
nacles, enlarged \ the buttresses on which they rest are 
also shown at laige in intercepted lengths. 

Fig. 9, an enriched foliage pendent of the foregoing 
example, marked a, at a still larger scale. 

Fig. 10, one of the pedestals for the reception of 
statues within the niches or tabernacles, enlarged. 

Fig. 11, part of one of the canopies, &c., of the tower 
tabernacles, enlarged. 

Fig. 12, one of the foliated pendents, marked 5, of the 
foregoing ; and fig. 13 the corbel, marked e, of the same, 
on a still larger sode* 
Plate XXIII. — Arcades, — Fig. 1, from the refectory in 
Westminster Abbey, built by Edward the Confessor ; 
figs. 2and 3, from Devizes and from Canterbury, specimens 
of interlaced Norman ; fig. 4, from Wells Cathedral ; fig. 
5, the chapter house, Lichfield ; fig. 6, from Amiens ; 
fig. 7, Notre Dame, Paris ; fig. 8, arcade in fipont of the 
Duomo Lucca. Bases. — Fig. 9, Norman from Roches- 
ter ; fig. 10, early Enelish, Lincoln ; fig. 1 1, Decorated, 
Beverley; fig. 1 2, do. 1 intern; fig. 13, Cresset, Normandy. 
Bell C7o£f.— Fig. 14, Northampton ; fig. 15, Wiltshire ; 
fig. 16, Somersetshire. 
Plate XXIW. —BeU Coto.— Fig. l,Froi88)% France; fig. 2, 
Peakirk, Lincolnshire ; fig. 3, on the Rhine near Cologne. 
Bdl Towers. — Fig. 4, Brescia ; fig. 5, Torre della 
Signoria, Siena ; fig. 6, Lausanne ; fig. 7, Sainte Cha- 
peTle, Paris ; fig. 8, Evreux ; fig. 9, Freiburg. Crest 
Ridge. — Fig. 10, Sainte Chapel le ; figs. 11 and 12, Rouen; 
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fig. 13, Dogal Palace, Venice; figs. 14 and 15, French Deserip- 
examples of stancheon beads. ^^ ®^ 

Plate XXV.— .BoMef.~Fig. 1, St Sepulchre's, Cambridge, 
Norman example; fig. 2, Winchester; fig. 3, Sainte 
Chapelle, Paris ; fig. C Notre Dame ; do., fig. 5, York ; 
6, Windsor; fig. 7, Sicilian; fig. 8, Mars d' Agen. 
Buttresses. — Fig. 9, Beauvais; fig. 10, Brasted, Kent; 
figs. 11 and 12, Perpendicular examples; fig. 13, Hotel 
de la Tremoiiille, Paris. 

Plate XX\L'-rCapitals.—F\g. 1, firom the Saxon crypt at 
Repton, probably the oldest example extant in England ; 
fig. 2, Caen ; fig. 3, Folkestone; fig. 4, Buildwas; fig. 6, 
Canterbury ; fig. 6, the White Tower, London ; fig. 7, 
Alton; fig. 8, Durham; figs. 9 and 11, Sutton, Kent; 
figs. 10 and 12, Buildwas ; fig. 13, Mantes ; fig. 14, Blois ; 
—these are all late Norman or Transition. 

Plate XXVn.^Capitais.—F\g. 1, Salisbury ; figs. 2 and 3, 
Stone, Kent ; fig. 4, Warrington ; fig. 6, Freiburg ; fig. 
6, Sainte Chafielle, Paris; fin. 7, 8, and 9, Westminster; 
figs. 10 and 12, Beverley ; fig. 1 1, Stone ; — these are all 
early English, Transition, and Decorated. 

Plate XXVIII.--C^if^0r StODs.—F'igi. 1 to 6, various ex- 
amples of various periods and richness. CorbeL — Fig. 6, 
Buildwas; fig. 7, Stone; fig. 8, Winchester; fig. 9, 
Melrose. Crocket. — Fig. 10, A miens ; fig. 1 ] , Strasbourg ; 
fig. 12, from the Palazzo della Signoria, Siena; fig. 13, 
Milan; fig. 14, Salisbury; fig. 15, Westminster; fig. 16, 
Canterbury; fig. 17, St Albans; fig. 18, Litcham. 
Crosses. — Fig. 19, Freshton ; fig. 20, Dodington. 
Cusps. — Fig. 21, Higham Ferrers ; fig. 22, Raunds ; fig. 
23, Lincohi. 

Plate XXIX.— Z>u^pifr«.— Figs. 1, 2, and 5, Westmioster ; 
figs. 3 and 7, Auxerre ; fig. 4, Canterbury ; fig. 6, Beverley. 
Drip Stone Terminations. — Fig. 8, Shoreham ; fig. 9, 
Debenham; figs. 10, 11, and 1 2, rerpendicular examples. 

Plate XXX.— Fig. 1, San Pietro Mirtire, Verona; fig. 2, 
lately opened in the cloisters, Westminster; fig. 3, 
Higham Ferrers ; fig. 4, Assisi ; fig. 5, Ywk ; fig. 6^ 
Tournay; fig. 7, Crick; fig. 8, the Duomo, Florence; 
fig. 9, Magdalen College, Oxford. 

Plate XXXl^^Finials. — Fig. 1, Amiens; fig. 2, Lincoln ; 
fig. 3, Westminster ; fig. 4, Hotel Cluny ; fig. 5, Win« 
Chester ; fig. 6, the French lily, probably the origin of the 
Gothic finial ; fig. 7» York ; fig. 8, Bourges. Gargoyle^ — 
Fig. 9, Ruislip, and the like at Petherton; fig. 10, Glaston- 
bury; figs. 11 and 12, Amiens; fig. 13, York; fig. 14, 
Troves. 

Plate XXXll^Mwddings.—F\gs. 1 and 2, Saxon ; figs. 3 
and 4, Norman ; figs. 5 and 6, Transition, the latter nrom 
Shoreham ; fig. 7, Grimsby ; fig. 8, Rasen ; fig. 9, Sem- 
pringham; figs. 10, 11, 12, 13, 14, early English ex- 
amples ; figs. 15 to 19, Transition and Decorated ; — ^theae 
styles overlap each other, and care must be uken to 
observe whether the order of moulding is based on the 
principle of recessed squares, or on that of bevelled laces, 
(see Glossary, Moulding}— the rest of the examples are 
Perpendicular and Tudor, for the peculiar hollow of which 
see fie.24, which is from St Alban's; fig. 25, St Sepulchre's; 
and %. 26, fit)m Grandchester ; a more el^ant is fig. 
28, from Skirlaw. Keel mouldings are given, figs. 1 1 and 
18, the latter from a Lincoln example ; a simple notched 
moulding at fig. 17* a Suffolk example. 

Plate XXXlll.^jMouldings Omamented^Tig^ 1 and 2, 
Canterbury ; fig. 3, Deeping ; fig. 4, Southwell ; fig* 5, 
Hadiscoe ; fig. 6, Leicester (this much resembles some 
North Italian examples); — these a. call Norman or Transi* 
tion ; fig. 7, Soissons ; fig. 8, a star ornament, probably the 
origin of the dog tooth ; figs. 9 and 12, pure dog tooth, 
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the latter from Lincoln ; figs, 10 and 13, the boll flower, 
the latter from Rouen ; fig. 14, a richer example from St 
Cross, which leads to the supposition that the dog tooth 
violet was the type of this ornament; fig. 11, a curious 
moulding from Oadby, Lincolnshire ;-^these are early 
English or Transition; fig. 14, a fine exaniple from 
Amiens; figs. 16 and 17, Houen; fig. 18, La Sainte 
Chapelle ; fig. 19, Ameins ; fig. 20, an example of the 
Tudor flower, a common cresting over tombs, ** vinettes 
in casements;** fig. 21, from Bourges; fig* 22, from 
Westminster. 
Plate XXXI y. — Capitals, Sections of* — Figs. 1 and 2, 
Norman ; fig. 3, Anglo-Norman, from Folkeston. The 
rest exhibit the gradual transition to Perpendicular, as ex-^ 
plained in the Glossary. — Fig. 4 is firom the early work at 
Lincoln ; figs. 5, 6, 7, and 8, early English, the latter 
from Skelton ; fig. 9, Waitham ; figs. 10 to 14, Transition 
and Decorated, chiefly firom Lincoln, ^oxm.— Fig. 1, 
common in early Italian work, and no doubt derived from 
the *' Atticurges " classic base ; figs. 2 and 3, Norman, 
the latter firom Peterboro' ; figs. 4 and 5, Transition ; fig. 
6^ Decorated, showing the *' lip moulding." Rib Mouleis. 
— a, St Mary, Hunts ; 6, Roberts-bridge. MuHian, — A, a 
Decorated example, showing the *' double order* of 
moulding. iS'/rtii^^.— Figs. 1 to 4, Norman and Transi- 
tion ; figs. 5 to 1 1, early English and Decorated; fig. 6 is the 
pure roll moulding ; fig. 6, a very fine example frx)m Mid* 
dleton Chaney, Oxford; figs. 12 to 17 are rerpendicular 
examples. The rest are foreign examples of mouldings. 
"—Fig. 1, door jamb from Verona; fig. 2, string from Notre 
Dame, Paris; fig. 3, St Stefano, Verona; fig. 4, 12th 
century example from d'Ebrueil ; figs. 5 and 6, examples 
sliowing the theories of M. Viollet-le-Duc as to working 
out mouldings ; fig. 8, a base from Rheims ; fig. 9, the 
like, from Monreale ; fig. 10, Dijon ; figs. 12 and 13, 
Laon; fig. 16, a 14th century example. Strings. — 
Figs. 14 to 18, various examples, which should be com* 
pared with the English given above. 

Plate XXXV. — Towers and Spiresj^^F'ig. 1, Sompting; 
fig. 2, Earl's-Barton ; — these are supposed to be Saxon 
(see Glossary under that head) ; fig. 3, St Alban's central 
tower, early Norman, the work of Abbot Paul ; fig. 4, 
the early English tower and broach spire at Raunds, 
Northamptonshire ; fig. 6, Ellington, Huntingdonshire ; 
fig. 6, Witherby, Lincolnshire, with crocketed spire. 

Plate XXXVI. — Windows^ early English examples. — Fig* 
J, Oxford, the Cathedral ; fig. 2, Stanton, St John's, one 
of the early cusped examples, afterwards so numerous ; 
fig. 3, Wenham, an early example of the branched 
mullion ; fig. 4, Warrington, a triplet under a single 
hood mould. The rest o( the examples are firom Uie 
choir of Chester Cathedral, which was built by degrees, 
extending over a period of about three centuries, and is 
perhaps the most unique and instructive example in 
England. Fig. 6 is an example of branching mullions 
with three plain circles in the heads ; fig. 6, the like, but 
tlie circles are cusped ; fig. 7, tlie like, but richer ; fig. 8, 
positively Decorated tracery ; fig. 9, the like, inclined to 
flowing ; fisr. 10, positively flowing Decorated tracery ; fig. 
1 1, partly Perpendicular ; figs. 12 and 13, |)ositively so,— 
in tne latter example A is the ordinary " day" or light, 
B the ** batement light," and C the ** anglet," which see 
in Glossary. 

Plate XXX VII. — FFindbtM, continued, — ^Fig.l,thehou8eof 
Jacques Coeur ; fig. 2, Duomo at Lucca ; fie. 3, Le Mans ; 
fig. 4, circular window in transept at Chidiester ; fig. 5, 
Amiens ; fig. 6, a very peculiar circular window from 
San Antonio, at Padua ; ng. 7, Santa Maria dell* Orto, at 
Venice ; fig. 8, circular from Beverley ; %• 9^ derestoiy 



window at Westminster Abbey, a cusped drcle in a 
spherical triangle ; — the foreign examples should be com- 
pared with the English (see the articles in the Glossary). 
Window Transom, — Fig. 10, from Amiens; fig. 11, Dor- 
chester, Oxon, a very peculiar example, as the upper 
mullion is over the middle of the lower light ; fig. 12, 
from Evesham, a very elegant example. 

Plate XXXVIIL— Grointft^aitif Vaulting.— Fig. 1, Nor- 
man, from Bow Church, London ; fig. 2, plan of Uie same ; 
fig, 3, example of quadripartite groining showing the 
different ways of filling up the spandrels, — a, 6, c, being the 
foreign method, — 6, Cj dj the English ; fig. 4, skeleton 
isometrical perspective, with plan below of quadripartite 
groining with tiercerons and lieme ribs ; fig. 5, the like, 
of hexpuutite groining ; fig. 6, an elevation of the same 
groining taken from the chapel of St Blaize at West- 
minster ; fig. 7, the plan of the same, showing the filling 
in of the spandrels, and the peculiar use of a harder stone 
on the riage rib as shown by the darker tints ; fie. 8» 
plan and elevation of fan tracery firom Ely Cathedral; 
fig. 9, skeleton isometrical perspective, showing the 
lines of the intrados, or the inner joints, or lines visible 
firom below of fan tracery vaulting; fig. 10, the like of 
the extrados or joints as visible from above ; fig. 1 1, plan 
of the rich groining of St George's Chapel, Windsor, with 
numerous tiercerons and lierne ribs — a style which was, 
without doubt, the origin of fan groining ; fig. 12, plan of 
pure rich fan groining from the Dean's Chapel at Uanter- 
bury, 

Plate AXXIX. — Groining, continued. — Fig. 1, perspective 
view of tierceron and lieme groining at Canterbury ; fig. 

2, the like, from groining at Winchester. Parapet, — Fig. 

3, from Le Mans Cathedral. Flying Buttress, — Fig. 4, 
from Amiens ; fig. 6, earlier and simpler firom Clermont ; 
— these are, in fact, double flying buttresses forming two 
springs, of which it is believed there is no example in 
England. GaUe Boards or Verge Boards, — Fig. 6, from 
Caen ; fig. 7, the Moat House at Ightham ; fig. 8, the 
triforium at Lichfield (see the article in the Glossary) ; 
fig. 9, a peculiar moulding in use chiefly at Venice, the 
example is from San Marco; figs. 10, 11, and 13, ex* 
amples of parapets in Italy, partly brick and partly stone, 
^ng. 10 is fi-om near Monza, fig. 1 1 is fivm Milan, and 

. fig. 13 from Rome ; fig. 12 is similarly constructed, com- 
mon about Verona, &c. 

Plate Xh.— Modem French ArchUeeiure—ViUas,^ 
Fig. 1, a villa in the environs of Paris ; fig. 2, the like, at 
Neuilly ; fig. 3, large house in the Avenue de rimpera- 
trice at Paris ; fig. 4, a beautiful summer pavilion lately 
erected near St Cloud ; 6g. 5, lucame lately executed in 
zinc in Paris. 

Plate XLL— Modem French AnAUecture— Street 
Fronts, — Fig. 1, Boulevard de Sebastopol, the mezzanine 
forms a «dlery round and above the lower shop ; fig. 2| 
Rue de Turin ; fig. 3, Rue de Rivoli. 

Plate XLlL-^Modem French Arehitectyrd—Details^^ 
Fig. 1, window head. Rue de Conservatorie, the decora- 
tion is incised; fig. 3, the like. Rue de SebastopoL 
The rest, various decorations.— Fig. 2, Boulevard de Se- 
bastopol ; fig. 5, Rue St Placide ; fig. 6, chimney top. 
Boulevard Monpeau ; fig. 7, Boulevard de Vincennes ; fig. 
8, Rue de Turin ; figs. 9 and 1 1, Avenue de Tlmpera- 
trice ; fig. 10, Rue de Valois. 

Plates XLIII. to XL VIL— Plans to illustrate the ordinary 
routine in Building. 

Plates XL VIII. and XLIX^— Illustrations of the section 
Abch. 

Plates L. to LV.*-Plant and sections to illustrate the text 
in Cabpsntbt. 
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